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MODERN ALGEDONIC THEORIES. 

By C. L. HErrRIck. 

A great deal of attention is just now turned to various 

phases of the problem of pleasure-pain. This is no doubt 

largely due to the interesting results of experimental research 

upon sensation which has revealed unexpected physiological re- 

lations and awakens the hope of getting at a physical basis for 

the more recondite but closely allied feelings. The most com- 

prehensive recent work on pleasure-pain, which we may take as 

the text of this paper, is that of Marshall’ which is perhaps al- 

ready known to most of our readers. 

We may add in passing that in typography and all that 

pertains to book-making the volume is quite satisfactory and, 

what is most surprising for a book from the Macmillan press, is 

tolerably bound. The author’s work is thoroughly done and 

bears evidence of long study and reflection though not of per- 

sonal investigation. It is a book that has been written rather 

than forged. 

The point of view may be gathered from an introductory 

paragraph, ‘‘ Pleasures and pains may be differential qualities of 

all mental states, of such nature that one of them must and 

either of them may, under proper conditions, belong to any 

element of consciousness.’’ 

It is interesting to compare the views of a still more re- 

cent writer upon the same subject. According to Kiilpe three 

views are possible respecting the nature of feelings. 1st. The 

feeling is a peculiarity of sensation. 2d. Feeling is a function 

of sensation. 3d. Feeling is an independent process of con- 

IMARSHALL, H.R. Pain, Pleasure, and A‘sthetics, an essay concerning 

the psychology of pain and pleasure, with special reference to esthetics. 

Macmillan & Co. 1894. $3.00. 
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sciousness. Against the first view he decides because we 

find the same peculiarities, quality, intensity, and duration, 

which are ascribed to sensation. It is illogical then to speak of 

a process having these properties asa property of sensation 

along with the self-same properties. When the above proper- 

ties disappear the sensation of which they are properties disap- 

pears with them but the feeling may vanish and the sensation 

persist. Feeling cannot therefore be a necessary attribute of 

sensation. 

Feelings are ina sense functions of sensation in so far as 

an observed parallelism exists, but feelings are not directly de- 

pendent on the qualities of sensation. Nor is it directly obvious 

that the intensity of sensation determines its accompanying 

feelings. 

The so-called elementary zsthetic feelings due to form and 

relations of sensation vary too much to stand in any fundamen- 

tal relation to sensation. The author chooses the third view, 

that feelings constitute independent elements of consciousness. 

But to return to Marshall; accepting four fundamental 

mental activities, sensation, emotion, intellect and will, he finds 

pleasure-pain much more closely connected with the former 

than the latter pair. 

In favor of the view that pleasure and pain are sensations 

Mr. Nichols has urged that pains are as disparate as are many sen- 

sations, Mr. Marshall very properly replies that in those pains 

which seem most distinct there is always something beside the 

pain—a cutting, or pricking or the like which forms its criterion 

and serves to isolate it. We may add that pain and pleasure 

are per se essentially non-localizable. It is association with sen- 

sation which adds the localization. Pain from its character is 

much more likely to be thus associated, as we shall see, and this 

accounts for the fact noted by Marshall that the common usage 

is more likely to speak of pain as a sensation and pleasure as 

an emotion. | 

A second argument for the sensational nature of pain is 

derived from the fact that mechanical treatment may induce 

pain in a nerve trunk while no manipulation of them can pro- 
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duce pleasure. This is not entirely true for there is a more or 

less disguised pleasurable sensation due to striking the ‘‘ funny 

bone”’ but, in general, Marshall’s reply seems apt. The meth- 

ods used in stimulating nerve trunks are, in the nature of the 

case, not normal. No evidence of special pain nerves, he claims, 

has been adduced. The fact that pain often is perceived after 

the sensation he explains as due to ‘‘ the tendency ingrained in 

us to consider with promptness those elements in our exper- 

ience which enter into the make-up of objects.’ We believe, 

however, that there are very simple physiological explanations 

of the delay. First, in many cases the delay is due to the fact 

that the causes of the painful sensation are secondary, such as 

congestion or vaso-motor changes and that these and not the 

primary irritation are the real sources of pain. <A gross illus- 

tration is afforded by the pain felt when a pressure is removed 

from an inflamed spot, for example. Second, severe pains, in 

their passage to the brain, do not move along the direct sensory 

channels but by continual accumulation and overflow break 

away to the sensory centres via gray columns of the cord. A 

violent pain cannot be transmitted along the relatively narrow 

nervous channel of the fibre but by a series of explosive over- 

flows finds its own way to the brain exciting sundry reflexes as 

it goes. This suggestion harmonizes the facts observed by 

Schiff, Myers and others which have been supposed to indicate 

the existence of special pain nerves. It is entirely possible for 

the fibre tract conveying sensation froma limb to be severed 

and yet the painful overflow to pursue its independent course to 

the brain when the anesthetic region is injured. On the other 

hand, it is easy to see that hypnotic suggestion might effect a 

dislocation of the cell paths for pain without destroying sensa- 

tion in the region considered. A great deal of spurious physi- 

ology has associated itself with these pleasure-pain speculations, 

among which may be noted Courmont’s theory in his book 

‘Le Cervelet et ses Fonctions,’”’ that the cerebellum is the seat 

of pleasure and pain. It is unnecessary here to follow the full 

and to us conclusive refutation which Marshall offers of the the- 

ory that pain and pleasure are sensations. The closing object- 
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ion to the theory, however, is worthy of special notice. Mr. 

Marshall does not believe that reproduced images of pleasures 

or pains similar to reproductions of sensation occur. A pleas- 

ant sensation may be revived or a painful one but not the pain 

or pleasure alone. 

We remark here that, on the other hand, reproduced sensa- 

tions are prone to produce present pains or pleasures to a very 

exalted degree. One sees a train passing and has all the acute 

emotional disturbance accompanying being thrown under the 

wheels. 

The next step is to show that pleasure-pain cannot be 

identified with the emotions. ‘‘ Emotions -are the relatively 

fixed psychoses (instinct-feelings) coincident with correspond- 

ingly fixed coordinations of instinctive activities arising upon 

the presentation of determinate objective conditions.”’ 

If the definition helps little we are aided by a list including 

joy, dread, relief, love, fear, anger, surprise, etc. 

Marshall admits that great physiological changes accom- 

pany emotions, quoting with approbation James’ statement: 

‘‘The bodily changes follow directly the perception of the exist- 

ing fact, and our feeling of the same as they occur is the emo- 

tion, ’’ but seeks to avoid the idea thatemotion is caused by the 

expression. Mr. Marshall cannot reconcile pleasure-pain with 

this definition of emotion. Emotions require no such percep- 

tion. He suggests three possibilities : 

A. Pleasure-pain may be fundamental—the basis of all 

psychic life out of which others have risen by development. 

B. They may be elements saz generts. 

C. They may be guales, special qualities common to all 

mental phenomena. 

Horwicz supports the first in his Psychologische Analysen 

but does not succeed in tracing the line of evolution convinc- 

ingly. Itis apparent that ‘‘Gefuhl’’ must be extended much 

as Spencer has extended feelings in order to adapt it to such a 

theory. Compare Ziegler, ‘‘ Das Gefuhl.”’ The second theory 

is practically an abandonment of the attempt to analyse feelings 

and has no support from the physiological standpoint. Wundt 
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brings to bear the theory of apperception but the latter is itself 

much in need of explanation. Marshall adheres to the third 

view that pleasure-pain, like intensity, form gwales of all pre- 

sentation. According to this view it is not necessary to assume 

any special organs or nerves for pleasure-pain. 

In Chapter IV is a comprehensive discussion of the physi- 

cal basis of pleasure and pain. Five groups of theories are 

recognized ; first, that pain is an overstepping of the limits of 

normal activity. Pleasure consists ina return to the normal 

state. The fatal objection to this theroy in its simple form is 

the failure to account for pleasures of exercise. 

Second, pain is due to tension, pain to equilibrium. This 

theory also fails to account for pleasure of exercise. 

Third, pleasure and pain are contrast phenomena, one be- 

ing the absence of the other. This theory fails to accord with 

facts of familiar observation. 

Fourth, pain is due to limitation or restriction. Such the- 

ories the author thinks fail to account for pleasure. On the 

contrary, in no direction are physiological suggestions more di- 

rect than in emphasing the connection between free irradiation 

of stimuli and pleasure. The fifth class includes such as con- 

nect pain with activities dangerous to the system and pleasures 

with healthful function. The great number of exceptions to 

this rule shows that however true this may be as a tendency it 

cannot constitute the basis of pleasure and pain. 

As a working hypothesis Mr. Marshall formulates the fol- 

lowing: 

Pleasure is experienced whenever the physical activity 

coincident with the psychic state to which the pleasure is at- 

tached inv ‘ves the use of surplus stored force. Pain is experi- 

enced whenever the physical action which determines the con- 

tent is so related to the supply of nutriment to its organ, that 

the energy involved in its reaction to the stimulus is less in 

amount than the energy which the stimulus habitually calls forth. 

It is not a little strange that the author here and elsewhere 

seems to be oblivious of the nutrition theory of Meynert, which 

jn some respects is a counterpart of his own. 
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We may profitably pause to compare the above statement 

with Kulpe’s analysis. This author recognizes the fact that 

there seems to be a constant relation between circulatory and 

other somatic changes and the feelings so that the former may 

be used as a measure of the latter. Dynamometer, sphygmo- 

graph, pneumatograph, and plethysmograph, all assist in esti- 

mating the feelings. Under pleasurable excitations the volun- 

tary muscular action is enhanced and diminished under pain. 

The pulse becomes stronger without being more frequent in 

pleasure. The reverse is true during painful emotion, though 

after-effects complicate the matter. During pleasurable emo- 

tion the volume of respiration increases and the diameter of 

the superficial capillaries is increased. 

Kilpe concludes that an increased excitability of the sen- 

sory and motor regions of the cerebrum form constant accom- 

paniments of pleasure. Study of the exaltation states of mania 

and the depression of melancholia leads to the belief that the 

sole physiological equivalent of pleasure is the dilation of the 

cortical capillaries, and that of pain is their occlusion. 

Three theories of the origin of the feelings are recognized: 

1, the teleological; 2, the theory of peripheral origin; 3, the theory 

of central origin. The first is simply an application of evolu- 

tion to the problem in hand. It recognizes all normal physio- 

logical processes as the product of selection and inheritance. 

However, such a theory in its general form is far from affording 

a detailed explanation of the origin of feelings. The second 

theory applies only to sensory feelings and affords only analo- 

gies for the intellectual. 

The author’s theory above indicated that feelings are due 

to the state of excitability of the cortex and the latter to the 

blood supply is more inclusive than the two special theories of 

Meynert and Wundt. The latter derives feeling from the reac- 

tion of apperception upon sensation. Meynert seeks the cause 

in the nutritive states. In pleasure there is functional hypere- 

mia and an altered state of the cell protoplasm, while pain pro- 

duces anemia and degraded nutrition. In the latter case trans- 

lation of the stimuli is impeded and we have, as a result, sum- 
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mation of stimuli and explosive overflow of an injurious char- 

acter. 

Mr. Grant Allen claims that all strong pleasures result 

from the escape of stored up potential energy which has been 

hoarded for a considerable time, but at the same time ‘‘ pleas- 

ure is the concomitant of a normal amount of function in 

sentient tissues.’’ Marshall calls attention to what seems to 

him a contradiction here. But upon the hypothesis suggested 

in this paper there is no contradiction. All normal functioning 

is to a certain extent pleasurable. Pleasure is the result of the 

conscious participation in an unimpeded nervous function. The 

pleasure is enhanced in proportion as the amount of function in- 

creases and our attention to it increases (not necessarily varying 

proportionally by any means, however) until the function is 

checked or impeded. Such impediment may be offered by the 

limitation of nutritive power in the cell or by other stimuli im- 

pinging upon it from without. If when the normal activity of 

the cell is reached there are afforded sufficient avenues for the 

overflow of the stimulus to other like cells, an irradiation takes 

place enhancing the pleasure-giving power without producing 

abnormal functioning. This may be the physiological equiva- 

lent of what Mr. Allen describes as stored up potential energy. 

Horwicz considers pleasure as a restoration of equilibrium. 

This however must be in a somewhat unusual sense, Physio- 

logically pleasurable excitement is of the nature of restoration 

of equilibrium in so far as an excitement of one organ is trans- 

formed into a quickening of the functioning of all accessible or- 

gans but it is rather the method of such equilibration than the 

fact of it which explains the pleasurable nature of the process. 

Lotze recognizes the dependence of pleasure and pain on the 

employment of vital energy but added that a psychic perception 

of the organic advantage or disadvantage was the immediate 

cause.. Bain seems to correlate pleasure-pain with stored en- 

ergy and excess but not very intelligently. 

Zollner taught that pleasure is the psychical concomitant 

or aspect of the transformation of potential energy into kinetic, 

while the opposite process is painful. This is in effect a resist- 



8 JouRNAL OF ComPARATIVE NEUROLOGY. 

ance theory in its broadest expression. Marshall considers that 

the fact that pain accompanies destruction of tissue is fatal to the 

second clause of this theory. We should add that the evidence 

shows that nearly all if not all nervous functioning consists of 

rapid alternation of the two processes of metastasis and assimila- 

tion and that pleasurable excitements are due to such oscilla- 

tions while pain may result from interference in the free func- 

tioning and transference of energy. 

One of the most recent theories of pleasure-pain is that 

proposed by Mr. B. I. Gilman in a series of lectures published 

in a syllabus in the American Journal of Psychology, VI, I. 

This theory of habit assumes that ‘‘the source of all pleasure 

is the performance by the nerves of activities which have once 

become familiar to them and that pain has its source in a viola- 

tion of nervous habitude.’’ Thus expressed it is a physiological 

theory closely associated with the resistance theory advocated 

by the writer. It is, however, extended as follows: ‘‘ Any 

presentation correlated with a bodily process that tends to fix a 

habit (increases a trace [i. e. a vestige]) is pleasurable ; while any 

presentation correlated with a bodily process that tends to loosen 

a habit (decreases a trace), is painful.” Note in respect to this 

theory that such nervous processes as would increase a trace 

must necessarily be of super-medium nature, they must be un- 

usually strong and therefore consume reserve force (as Marshall). 

On the other hand those which remove vestiges would be such 

as pass by explosive outbreak across the ordinary channels and 

at the same time infringe on the reserve cell content. The pro- 

cess devours not only the interest but the capital of the organ- 

ism and with the latter goes the vestigés it may contain. 

It will be seen, however, that this theory fails when applied 

closely to the simple sensuous pleasures and pains. As Gilman 

points out, his theory agrees in part with Aristotle's, who re- 

marks that pleasure is the sign of the perfection of an act as the 

blooming cheek is of health, and with Herbart’s, who says 

‘‘By pleasure, therefore, I signify a passive state wherein the 

mind passes to a greater perfection.” 

But Gilman defines these ideals as laid down by passed ex- 
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perience of the organism; moreover it is only those realizations 

which impress them more deeply on the habits of the organism 

that are pleasurable. His statement of theory is open to the 

criticism that it attempts to place the matter on a physiological 

basis without really approximating such an explanation.  Gil- 

man’s theory is confessedly close to Fechner’s stability theory. 

We need not follow this theory into its esthetic applications in 

which field the author finds his most frequent confirmations. 

We cannot doubt that there is a large grain of truth in this the- 

ory and that its presentation will contribute much to the solu- 

tion which shall finally be adopted. 

The same may be said of Marshall’s book, with its wealth 

of quotation and suggestion. In this connection we notice an 

interesting passage on habit which applies to the theory 

above noted. | 

‘«Pain does not necessarily tend to bring about oblitera- 

tion of its content in future psychoses; but may, in fact, on the 

whole, conduce to its vigorous reappearance in pleasurable form.”’ 

This fact the author explains upon the theory that repeated 

excitation increase the storage power [i. e.—the nutrition]. It 

is, however, capable of another explanation. When a violent 

stimulus has occurred in a cell group and is checked in its ten- 

dency to irradiate, summation occurs until the barriers are 

beaten down. The frequent repetition of this process sets up a 

tract of communication, irradiation becomes easy and a super- 

normal stimulus of this cell complex finally produces pleasure. 

Thus acquired tastes and thus the pleasures of intricate manipu- 

lation are explained simply and consistently. In a larger field 

too it is obvious that this theory explains the function of pain 

as preliminary to pleasure. Almost every new pleasure must 

be acquired by the painful process suggested. On the other 

hand too frequent and indifferent repetition causes the worn 

channel to pass off the stimulus with such facility that the 

threshold of pleasurable excitement is not reached. Attention 

aids in restoring the pleasure (or in relieving satiety) in so far 

as it inhibits and dams up, as it were, more or less of such waste- 

ful overflow. 
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The large part of Marshall’s book dealing with esthetics 

and the art impulse we cannot include in this sketch but simply 

recognize its suggestiveness and interest to the psychologist and 

artist alike. 

We add the following notes from Ladd’s ‘‘ Psychology, 

Descriptive and Explanatory,” Chapter IX. feeling: Its Nature 

and Classes. ‘‘ With all this hopeful endeavor it will never be 

possible, however, to reduce to a strictly scientific form the life 

of sentiment and emotion. It is necessary, in the interests of 

science, to acknowledge this at the outset, and with the utmost 

candor.”’ ‘‘The real and essential Nature of Feeling, as such, 

cannot be described ‘Description is in language, but 

language itself is the expression of conceptions and thoughts. 

And the conception of any feeling differs toto calo from the feel- 

ing itself.’’ Feeling is irreducible. The physiological and 

ideational theories are both rejected. The theory that feeling 

is pleasure-pain only ; that apparant ‘‘ qualities’”’ are due to 

” 

associations—this is simplicity ‘‘ gone entirely mad.”’ 

Feeling is the subjective part of sense-experience. Those 

experiences therefore which are least objectified are richest in 

feelings. * Feelings cannot be identified with the sensations. 

Ladd claims to have abandoned ‘‘ even the appearance of 

retaining the old and vicious theory of faculties,’ but read the 

following (p. 172). ‘‘ All the neural processes underlying the 

different psychic facts are of oze kind. But we have seen that, 

ultimately considered, in the light of introspective analysis, all 

the resulting psychic facts have ¢Avee aspects; they are facts of 

intellection and connation not only, but also facts of feeling.”’ 

‘« Discriminating consciousness analyses in a triune way what 

psycho-physics regards as conditioned upon the occurence of a phy- 

sical change essentially the same.” 

‘‘ At any particular moment the kind and amount of feel- 

ing experienced has for its physiological condition the total 

complex relation in which all the subordinate neural processes, 

set up by the stimuli of that moment stand to one another and 

the set, or direction, of pre-existing related neural processes.” 

‘‘We classify the feelings by reference to the intellectual 
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processes which accompany or occasion them. All attempts at 

a purely biological classification of the phenomena of feeling 

are, especially, to be rejected.” 

‘<The character and rate of the change which takes place 

in the sensational and ideational elements of consciousness deter- 

mine certain characteristic ‘feelings of relation.’’’ Here also 

belongs the discussion of the use of drugs etc., in affecting the 

emotions via effect on cerebral circulation etc. The primary 

forms of feeling are, however, unlike, as feelings, qualitatively 

and these differences accompany changes in time-rate of their 

sensational or ideational ‘‘ occasions.”’ 

Chapter X. Feeling as Pleasure-Pain. The belief in the 

derivation of special sensations from primitive pleasure and pain 

is rejected. Pleasure and pain are opposite ‘‘tones”’ of feeling 

—both alike positive. Feeling may be dissociated from pleas- 

ure and pain; i. e. ‘‘neutral feelings” are probably possible. 

Goldscheider’s ‘‘ pain spots”’ are rejected as not proven. The 

pathological evidence—difference of rate of transmission of 

pain and touch, etc., are explained on the basis of diffusion of 

pain conductions. 

Pain results from an undue increase of any cerebral pro- 

cess; but ‘‘the varying amounts of our pleasure-pains do not 

stand to the varying amounts of our sensations as the latter 

stand to the varying amounts of stimuli.” 

‘« All human life develops largely by relegating the immedi- 

ate effects of our activity, as respects the quantities of pleasure 

or pain evoked, more and more to the background.” 

‘“‘In general, when the intensity of that unorganizable 

surplus of nervous excitement, that overflowing commotion of 

the nervous centres which is the physical basis of feeling, sur- 

passes certain variable limits, pain is the result. It is, perhaps, 

because the ideal feelings are usually supported by less of this 

‘semi-chaotic suplus,’ that they are less intense.”’ 

‘‘ All elaborate emotions and sentiments generally furnish 

some reasons why their tone should be one of pleasure, and 

other reasons why their tone should be one of pain.’”’ There 

are some “atural or normal sensations which are painful. 
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We have hitherto made no explicit mention of what is now 

generally known as the Lange-James theory of emotion. In 

1884 James and Lange independently published a theory of 

emotional consciousness so nearly identical that they may be 

practically treated as the same. Emotional feeling is for them 

the effect of those muscular and visceral organic changes which 

have been usually considered to be expressions of the emotion. 

The primary effect of the excitement is the organic change, the 

affection of consciousness is secondary. The various objections 

which have been offered to this theory have been admirably 

summarized by James in the September number of the Psycho- 

logical Review for 1894, and the rejoinder makes some points 

much plainer than the original statement. One thing which has 

struck all critics is the fact that the external occasions of a given 

emotion may be so different with so constant a result. If the 

symptoms make the emotion the variability of symptoms should 

have a corresponding variability of sensation. This objection 

counts for little however, A chill is a very easily recognized and 

constant sensation, but it may be caused by the workings of a 

malarial phasmodium, a surface exposure, a mental state, a 

hemorrhage or one of a hundred other agencies. According to 

the analogy of the objection noted each form of cause should 

have its own corresponding species of chill. In our illustration 

as in emotion the vera causa is a nervous change in the central 

organ which may be produced in a great variety of agencies. 

In reading the objections and the rejoinder one is struck with 

the crudity of physiological concepts employed. Of course 

much must be conceded to the illustrative use of language, but 

the force of the whole discussion is chiefly spent on points which 

would disappear with a clearer apprehension of neural processes. 

Long before we are justified in looking for the constants of emo- 

tional determination we have passed from vaso-motor nerves to 

tracts or concatenated cell-series in the central system and from 

these to receptive dendritic plexi and their cellular sources, 

The result of the recent discussion has been to bring all 

students nearer together and to cause all to admit the great im- 

portance of visceral changes in determining emotion. 
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Professor James has made the quite unnecessary admission 

that if a patient could be found who was quite anesthetic with- 

in and without and yet suffered emotional disturbance 

his theory would be demolished. A very remarkable case 

has been reported by Sollier, in which the conditions were 

very nearly realized and Sollier concludes from this and experi- 

mental work on hypnotics that when totally anesthetic the pa- 

tient feels no normal emotion whatever at the suggestion of hal- 

lucinations and delusions which have the power of moving her 

strongly when the sensibility is restored. When the anzsthe- 

sia is solely peripheral, the emotion takes place with almost 

normal strength; when it is solely visceral, the emotion is abol- 

ished almost as much as when it is total, so that the emotion 

depends almost exclusively upon visceral sensations. This re- 

porter seems too much like an ex parte advocate to be entirely 

convincing, and other cases have been reported which seem to 

negative the evidence. However, it must be remembered that 

one positive affirmative case is worth any number of negative 

instances for the essential conditions to be supplied lie deeper 

than the surface indications. All depends on where the circuit 

is cut. It is quite possible for all sexsatzon to be prevented by 

the degeneration of tracts while concatenated cellular paths by 

which pain or pleasure stimuli pass remain intact. 

In a series of articles published in the Psychological Re- 

view, Professor Dewey enters upon the question. Accepting 

the James-Lange, or as he calls it, the ‘‘discharge”’ theory, he 

attempts to show that the movements producing emotion all 

have a teleological value. This is neither new nor remarkable, 

for it would seem self-evident that from the standpoint of nat- 

ural selection (a point of view too often neglected in psycho- 

logical speculation even by those who occupy it in biology) no 

class of neuroses could acquire an important hold on conscious- 

ness without having recognized importance. In the second ar- 

ticle Professor Dewey views the Lange-James theory from the 

teleological standpoint. 

‘‘Kmotion in its entirety isa mode of behavior which is 

purposive, or has an intellectual content, and which also reflects 
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itself into feeling or affects, as the subjective valuation of that 

which is objectively expressed by the idea or purpose.” 

Dewey’s article is valuable in making clear a difference of 

usage which has given rise to constant misapprehension. Some, 

like James, appear to mean by emotion only the ‘‘ feel,’’ let us 

say of being angry, while others mean the whole affect or state 

of anger of which the ‘‘ feel” is, according to Dewey, a guale. 

To us it is self-obvious that as psychologists we have only 

to deal with the conscious elements and however true it may 

be that the ‘‘feel’’ has no existence by itself as a full-fledged 

emotion-experience it is yet our obligation to treat it as dis- 

tinct because we do instinctively abstract it from the impulses 

following, as from the physiological causes or concomitants 

though the latter may reflect themselves upon the feeling ele- 

ment never so potently or complexly. 

A little careful analysis of James’ theory shows that it 

amounts to this: our feeling of emotion is the psychical appre- 

hension of states of our own body. Well, so are all psychical 

processes! What are the differentia which separate feelings 

from other such states? James says the reflected results of re- 

flexes somatic or muscular. But we ask again what are the 

peculiarities of ‘ese rather than other stimuli that adapt them 

to produce emotions? Surely there is nothing self-evident in 

the suggestion that such reflexes are specially adapted to be 

causes of emotion. We reply that these and any other stimuli 

primary or secondary which tend to overflow the ordinary affer- 

ent channels and pass through concatenated cellular series 

acquire thereby a special character or summation power which 

is precisely the physiological guale sought. As thus stated we 

escape from many of the difficulties involved in an attempt to 

limit feeling to a product of motor or somatic responses to a 

stimulus. The shock which modifies the efferent apparatus is 

at the same time affecting the afferent. 

We are then ready to follow Professor Dewey for whom 

the connotation of emotion is primarily ethical and only second- 

arily psychical though we may think he is greatly enlarging its 

rational extension in making it include a disposition and a way 
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of behaving—a certain practical attitude. By thus making 

emotion include sentiment and temperamental moduli he lays 

his own theories open to easy attack. The mode of behavior is 

for him the primary thing. The feeling element is super-in- 

duced. Thus the instinct to fight may have arisen and become 

perpetuated by natural selection until it is the inevitable re- 

sponse of the organism to a given presentation but no feeling 

of anger is necessarily implied. When the impulse is inhibited 

and is dammed up, as it were, by conscious coordination it be- 

comes anger. Emotion is then the adjustment or tension of 

habit and ideal. So far as Professor Dewey’s theory empha- 

sises the inhibitory element in complex emotions he adds force 

to our own physiological theory by indicating how the higher 

emotional elements are translated into the proper physiological 

terms to produce feeling; namely, by inhibition, which soon 

gives rise to summation phenomena such as afford the peculiar 

misus of feeling. We have here a dash of the resistance the- 

ory also. 

Professor Dewey offers the following summary: ‘‘ Certain 

movements, formerly useful in themselves, become reduced to 

tendencies to action, to attitudes. As such they serve, when 

instinctively aroused into action, as means for realizing ends. 

But so far as there is difficulty in adjusting the organic activity 

represented by the attitude with that which stands for the idea 

or end, there is affect, or emotional seizure. Let the coordina- 

tion be effected in one act, instead of in a successive series of 

mutually exclusive stimuli and we have interest. Let such 

coordinations become thoroughly habitual and hereditary, and 

we have Gefihlston.”’ We may remark that the theory as thus 

stated does not explain the appetencies and simple sensuous 

pleasures or gratifications ; it is less happy in dealing with pleas- 
” 

ure than with pain; the use of the term ‘‘attitude”’ is very un- 

fortunate; and, finally, it fails to recognize many simple physi- 

ological facts. When we have agreed upon the nature of the 

simplest sense, pain and gratification, the foundation will have 

been laid for the more complex esthetic phenomena. This 

foundation we believe consists in the recognition of a special 
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kind of neurosis for the feelings due to two classes of stimuli of 

a very similar but not identical kind. Given an excessive stim- 

ulus which for whatever reason freely irradiates and pleasure is 

felt, given another stimulus or the same excessive stimulus with 

other neural conditions which prevent irradiation and produce 

summation and overflow and pain is felt. With this as a basis 

we are prepared to analyse the emotional complexes as intro- 

‘spection and experiment may permit and refer each member to 

its own category. It will then appear that most of the conflict- 

ing theories have their truth elements and their reconciliation 

has been hindered by the attempt to seek for solidarity too far 

from the center. 

The tendency is strong now-a-days to seek for a special 

differentiation of the nervous system corresponding to each 

psychosis. This leads to repeated efforts to identify a pain 

organ. One of the most extensive of recent attempts in this 

direction is that of Frey." 

The author pleads for the recognition of a special ‘‘ pain- 

sense ’’ as an element of consciousness coordinate with the other 

senses and also for the existence of distinct end-organs and paths 

of conduction. The ‘‘ Gefithlston’’ does not, then, constitute a 

necessary attribute of all sensations, but there may be on the 

one hand, pure (i. e. wzbetonte) sensations and on the other hand 

—and much more important—pure feelings independent of 

ulterior sense-impressions. ‘‘ Pain spots”’ can be localized and 

differentiated from other spots. 

Again, some parts of the body are sensitive to pain, but 

not to touch, i. e. the least touch is painful—e. g. the cornea. 

The organs of the pain-sense are spread over the whole 

body. 

The painful sensation is referred much less to the affecting 

circumstance than to the affected organ. 

Pain is peculiar in its intimate association with the reflexes. 

May the feelings of desire be placed in some category as 

pain? The undemonstrable assumption that there is a special 

1Frey, Max v. Die Gefiihle und ihr Verhiltniss zu den Empfindungen. 

Antrittsvorlesung, Leipzig, 1894. 
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sensory apparatus for desire (Zus¢) seems to the author unnec- 

cessary for he explains that it is the cessation of pain which 

produces desire. Desire is in general the more intense the 

more aversion (Uz/lust) is decreased ; in this connection, too, it 

must be taken into account how rapidly the aversion dimin- 

ishes (and this, at least partly, by contrast effect). 

As at least suggestive along this line we notice that Cavaz- 

zani' records an interesting and valuable observation, illustrating 

the fact that different fibres exist in peripheral nerves for the 

conduction of different sensations, a fact often shown experi- 

mentally and symptomatically in certain diseases, but only rare- 

ly with such positiveness as in Cavazzani’s case. The ulnar and 

median nerves were divided at the elbow by an injury. Nine 

months afterwards the ends were re-united. Eight weeks later 

normal sensation had returned down to the wrist. In the hand, 

temperature and muscular (pressure) sense were each markedly 

impaired, and in certain fingers, in very different degree, accord- 

ing as the fingers were supplied by the median or the ulnar 

nerve, leading the author to conclude that the ulnar nerve car- 

ried a less number of fibres for temperature sense, the median a 

larger number for pressure sense. There was also evidence of 

the disassociation of temperature sense, since in certain parts of 

the hand, particularly the end of the middle finger, only cold 

was felt, while sensation for heat and touch was totally lost. 

In connection with Cavazzani’s observations, appropriate 

mention may be made of a paper by Weir Mitchell,” describing 

a rare phenomenon in a clinical example of crossed thermo- 

anesthesia, —left side of face and right side of body. Tact and 

pain sense were both normal, as were also taste, smell and hear- 

ing. The symptoms developed asa result of apoplectic seizure. 

Mitchell was unable to find any record of a similar case. Bre- 

mer® writes in support of the theory of a central or cerebral 

pruritus, dependent upon morbid nutritional changes in the cor- 

1Schmidt’s Jahrbiicher, Leipzig, June 15, 1893. This and the two follow- 

ing abstracts are taken from the Annual of the Universal Medical Sciences, 1894. 

2Medical Chronicle, March, 1893. 

3Review of Insanity and Nervous Disease, Dec., 1892. 
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tex. He does not believe that the sensation of itching origin- 

ates in the tactile corpuscles, although readily admitting that 

these bodies are the media of peripheral expression for the sen- 

sation. Certain analogies between itching and pain, touch and 

temperature sense, indicate a cerebral origin for all forms of 

peripheral sensorial impressions. He finds support for the the- 

ory in the pain of the hypochondriac and the hysterical, the 

itching of hypnotic suggestion, of neurasthenia and the 

itching aura in certain cases of epilepsy, etc. 

But we have already seen that the evidence is far from con- 

vincing for the existence of special nerves for pain and must return 

toGoldscheider’s paper in 1891' where, in discussing the summa- 

tion phenomena of pain, he suggests that the secondary sensation 

isasummation phenomenon which probably takes place in the cell- 

ular elements scattered through the nerve tract. The cells store 

the energy which goes to them while that which passes directly 

along the fibres reaches the brain first. Subsequent accessions 

break down the cellular resistance and thus an explosive incre- 

mental stimulus reaches consciousness as pain. A single sensa- 

tion if excessive may produce the like effect. Now accepting 

the accumulating evidence of a special cellular course for exces- 

sive stimuli we may inquire how simple pleasurable sensations 

are produced. .Several hints are at our disposal. Many of these 

pleasures are accompanied by a peculiar nervous diffusion, as in 

tickling and the genial effect of warmth. This effect is known 

as irradiation and is also characteristic of higher states of pleas- 

urable feeling. Both pain and pleasure depend on exalted 

stimuli, but the reaction of the system toward the stmuli 

largely determines their pleasurableness or painfulness. The 

same excitation may excite one or the other feeling at different 

times. Attention has thus a powerful but not regulatable in- 

fluence. Inthe higher spheres of pleasure-pain this influence 

is more marked. This irradiation has a great tendency to in- 

volve vaso-motor channels, as we have seen above, while the sum- 

mation processes of pain awaken various reflexes in their path 

1 Dubois Reymond’s Archiv, 164. 
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which may increase the effect on the centres in a secondary 

way. Thus a somatic change, as sickness at the stomach, may 

be almost or quite coincident with the pain. To the above we 

may add the essential elements of Meynert’s nutritive theory. 

It is obvious that the responsiveness of a cell is directly affected 

by its nutritive state and familiar experience shows that a state 

of malnutrition, whether of the body at large or the nervous 

system in particular, predisposes to pain and thwarts pleasure. 

The stimuli which ordinarily are indifferent or even pleasurable 

becomes sources of torture. 

In extending the application of these suggestions to the 

emotions we may notice Professor Ladd’s treatment in his most 

recent work of the somatic basis of emotions. 

‘«Since all forms of feeling, when intensified so as them- 

selves to feel, as it were, in a secondary way, the bodily reson- 

ance they occasion, become emotional, the development of each 

kind of emotion, as well as the development of the entire life 

of emotions, requires us to consider the somatic influences that 

are distinctive of them all.” 

‘‘An emotion, physiologically described, may be consid- 

ered asa sort of nerve-storm which gathers intensity, at first, in 

some comparatively limited region of the brain, but quickly 

spreads from storm-center to storm-center, as it were ; which 

sweeps down the different paths of exit upon the lower centres 

and upon the different systems of muscles, upon the vascular 

and secretive and respiratory systems ; and then from all these 

peripheral parts, return currents sweep backward further to dis- 

turb the centers that lie within the brain.” ! 

Compare also the following passage from another recent 

author : ” 

‘« Pain and pleasure do not originate where thought is de- 

veloped, but are alterations of the functions of organic life ren- 

dered apparent through the agency of the medulla oblongata. 

This, then, is the centre of pain and pleasure, whether pro- 

1Ladd—Psychology, Descriptive and Explanatory, p. 544. 

“SERGI, G. Dolore e Piacere, Storia Naturale dei Sentimenti. Mzlan, 1894. 
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voked by organic, physical, sensible stimulus in any part of the 

body, or by perceptions, ideas, thoughts transmitted through 

the brain. It is from here that the impulses proceed that mod- 

ify and disturb the organic life, beginning with the heart and 

the respiration.”’ 

Finally, then, we venture to quote nearly in full from the 

Supplement to Woods Reference Handbook of the Medical 

Sciences an. article embodying our own ideas respecting emo- 

tions, in their physiological relations : 

The scholastic and convenient tradition which divides 

psychical manifestations into cognitions, volitions, and feeling, 

permits us to single out a class of so-called mental manifesta- 

tions, which are conceived to be determined by a form of the 

receptivities of mind known as the susceptibilities. The most 

careful writers have discovered in this group of ‘‘ faculties” a 

perennial source of dispute and ambiguity. 

Older psychologists conceived of feeling as obscure or 

implicate thought, or as impotent or unexpressed impulse 

or will. 

Hoeffding defines feeling as ‘‘that in our inward states 

which cannot by any possibility become an element of a percept 

or an image;’’ as ‘‘an inner illumination which falls on the 

stream of sensations and ideas.’’ Both these expressions indi- 

cate the difficulty involved in isolating feelings, the one being 

negative, the other an illustration. Sibbern notices that feelings 

and will have this in common, that in both ‘‘ the ideas involved 

have a personal hold and effect, so that we yield ourselves up to 

them and are incited to act and strive for their realization.” 

Recognizing the futility of the distinctions usually made, James 

has boldly used feeling as synonymous with the word psychosis 

or subjective state, and made no attempt to distinguish it from 

thought. The emotions (German Hffecte) are described as a 

bubbling up of feeling which may greatly influence the course of 

cognitions and volitions, or temporarily inhibit or stimulate 

them. If emotions be strictly limited to feelings with psychical 

(cognitive) occasion or accompaniment, much ambiguity may 

be avoided, but it would still) be necessary to insist on the es- 
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sential similarity of these feelings to others with simple sensa- 

tional basis. The following classification may prove convenient: 

I. Feelings. Sensations. Sense gratification|General or total 
and pain. feelings. 

Il. Occastons. Normal (moderate)|Super-normal stim-|Diffuse (somatic, es- 
+ sensory stimuli. uli, withtendency| pecially ‘‘total ’’) 

to irradiate. stimuli. 

Emotions. Impulses. Sentiment. Disposition. 

Somatic changes/Reflexes excited by|/Persistent cortical/Reactions of cortical 
occasioned orac-| somatic and cor-| changes. residua on new 
companied by|_ tical activity. data of conscious- 
cortical activity. ness. 

This series of subjective states is not to be regarded as 

arbitrary, but capable of the most far-reaching inter-penetra- 

tions. Of course it may be claimed that there isa great gap 

between sensation, or even bodily pain and pleasure, and the 

emotions which depend chiefly upon data of a higher intellect- 

ual character. Between these two groups is another, which 

seems, in part at least, to bridge over the interval, the total or 

general feelings. 

Sensations, as the most direct responses of the conscious- 

ness to external irritations in which the bodily participation is 

more direct than in the subsequent processes (perception, etc.), 

afford the simplest data of consciousness. Even in this case, 

however, the nature of the response varies with the organ in 

respect to the amount of subjective participation. Thus, sen- 

sations are excentrically projected or externalized ; the former 

in the case of tactile, gustatory, thermic, and algesic senses; 

the latter in the case of special senses—visual, auditory, and 

olfactory. 

That this is nota primitive difference, but is developed 

through associations of several senses, is proven by such facts 

as that when a blind person is suddenly given sight, the exter- 

nal world seems to touch the eye, z.¢., is excentrically projected 

rather than externalized. That externalization is possible to 

is shown by hyperexcen- ” 
the tactile sense or ‘‘ muscular sense 
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tric reference of sensations of double contact, as when the blind 

man seems to feel an object at the end of his cane, or the sur- 

geon’s sensation is transferred to the end of his probe. We 

may dismiss, as beyond our limits, the three sciences—optics, 

acoustics, haptics (the skin and muscular sensations)—and there 

still remains a set of sensations which may be conveniently 

grouped as general sensations, which bring us into closest rela- 

tions with the lower special senses, olfaction and taste, and the 

diffuse sensations on one hand, and subemotional processes, like 

elation, ennui, and depression, where total sensations and rudi- 

mentary feelings fuse. 

It must not be forgotten that pain and sense gratification 

are strong elements in the emotions and require a careful exam- 

ination. Hoeffding says ‘‘ feeling stands out plainly, as an ele- 

ment different from the actual sensation, in certain experiences, 

which prove that the pain caused by an excitation takes longer 

to be produced than the actual sensation, and that sensation 

may arise without the corresponding feeling, and wece versa.” 

Richet says ‘‘ pain without memory and without radiation 

would be no pain at all.” Often an interval of one or two sec- 

onds may elapse after the sensation is perceived before pain 

appears. These cases, so often quoted as proving the distinct 

nature of pain, are in one respect fallacious. Whena nerve- 

fibre is penetrated by a pin the pain is nearly, if not quite, as 

promptly felt as the touch. When the finger is struck bya 

hammer the pain is frequently long delayed. But the acme of 

pain in that case is due to a reactionary process in the tissues, 

notably the vascular contractions, etc. There may be several os- 

cillations of pain and aset of summations of a curious character. 

It is even possible, by bringing to bear counter-irritants, to pre- 

clude these after-effects and mitigate the pain, as by rubbing or 

pinching the part. 

In the case of a burn the conductivity of the tissues and 

vascular responses are even more evident, and such attempts to 

differentiate pain from sensation asa modality of feeling are 

futile. The fact that there may be analgesia without anesthesia, 

and vce versa, is tentatively explained by the recent suggestion, 
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that thermic and painful sensations find their way to the cortex 

through the gray matter of the cord instead of the fibrous col- 

umns, and affords us added data for the generalization for which 

we are now ready, viz: Feeling is always composed of two sets 

of factors; first, a sensational, and second a cognitive or intui- 

tional element. The sensations which directly participate in 

feeling are non-localized (general or total sensations), or are so 

acute as to irradiate, and thus ally themselves with total sensa- 

tions. The cognitions or intuitions are primarily such as iden- 

tify the subjective state with the empirical ego. The associa- 

tion of reflexes and instinctive responses converts the feeling 

into an impulse which is usually embodied in the so-called 

emotion. 

James identifies instincts and emotions as two forms of im- 

pulse, in this usage betraying German influence. He says that 

the class of emotional is rather larger than that of instinctive 

impulses. Its stimuli are are more numerous, and its express- 

ions are more internal and delicate, and often less practical. 

The physiological plan and essence of two classes of impulse is 

the same. This identification of the expression of the emotion 

with the psychical element (feeling) seems illogical, inexpedient. 

Instincts may have an emotional origin, or may be of the na- 

ture of impulse deprived of its psychical element; but pure 

instinct is not emotional, though emotions may be awakened 

by a resistance to the gratification of the instinct. An impulse 

stands on a present or historical basis. 

With this difference in distribution, the theory of emotions 

proposed by Professors Lange and James goes far to .place the 

emotions on a plane of scientific research. As expressed by 

the last named, his theory is about as follows: Bodily changes 

follow directly the perception of the exciting fact, and our feel- 

ing of the same changes as they occur is the emotion. Objects 

excite bodily changes by a pre-organized mechanism, and these 

changes are so indefinitely numerous and so subtle that the en- 

tire organism may be called a sounding-board, which every 

change of consciousness, however slight, may make reverberate. 
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Everyone of the bodily changes is felt acutely or obscurely the 

moment it occurs. 

James says: ‘‘If we fancy some strong emotion, and then 

try to abstract from our consciousness of it the feelings of bodily 

symptoms, we find we have nothingleft,”> . 00.) “ajceld 

and neural state of intellectual perception is all that remains.”’ 

‘©The more closely I scrutinize my states, the more persuaded 

I become that whatever moods, affections, and passions I have 

are in very truth constituted by, and made up of, those bodily 

changes which we ordinarily call their expression or conse- 

quence.’’ These quotations serve at least to emphasize the 

importance of the corporeal element, however much they ignore 

the cognitive element. The natural and logical criticism is that 

the effect on consciousness, which is all we get out of feeling, is 

wellnigh overlooked. ; 

Emotion consists (1) of general sensations of total, organic, 

or irradiating varieties which have in common a lack of localiza- 

tion and, as a result of associational laws, are amalgamated more 

or less closely with the empirical ego; (2) of more or less ex- 

plicate or implicate cognitions (perceptions, intuitions) of the 

relation between the cause of the sensation and our well-being ; 

(3) the emotion is more or less closely attached to various impul- 

sive expressions which tend in various ways to intensify the two 

preceding. More in detail: The sensations are produced in most 

cases by vaso-motor changes which, in turn, produce ‘‘total sen- 

sations,”’ usually entirely unlocalized and not necessarily distin- 

guished apart from the feeling. Such sensations may be recogniz- 

ed, and to some extent analyzed, by practice. They precede the 

emotion proper and compose its sensational element. When one 

lies half asleep in the morning and a loud report startles him, 

the sudden surging of the blood to the periphery produces a 

familiar but indescrible sensation, which may include tingling at 

the finger-tips, a curious twinge in the axials, a suffocating sen- 

sation in the chest, as more specific accompaniments. Then a 

flash of fancy depicts the burglar in the kitchen and a scene of 

bloodshed, danger to self, and the like; now perhaps a strange 

‘‘gone”’ feeling in the abdomen, anda helpless atonic condition 
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of muscles follow; then impulse dominates, and the tendency 

to spring to the defensive arises; all this before judgment an- 

nounced that the cook has slammed the range door. Granting 

that the illustration has served to indicate the meaning of the 

statement above, it need require but brief experiment and self- 

observation to show that vaso-motor and organic changes always 

accompany and afford a sensational basis for feelings. A just 

analysis will not neglect the subjective process in construing the 

physical. Stripped of the sensations above referred to, and the 

instincts and impulses associated with them, the residuum is 

still not to be passed over. ‘‘A feelingless cognition that cer- 

tain circumstances are deplorable,’ or otherwise, may be, and 

generally is, but the first step in a series of judgments or repre- 

sentations out of which spring the involuntary acts which are 

the really important results of emotion. The sensational ele- 

ment is that which represents the general, though subtle, bod- 

ily effect of the stimulus (be it physical or psychical), while it 

serves to awaken within us the empirical ego (the sum of our 

purely subjective bodily reactions on consciousness), which 

gives point or poignancy to the following psychical processes and 

links self with phenomena, awakening the participation of the 

soul in the states of the body, or of other beings, which other- 

wise might concern us only as do phenomena in Mars. It is 

then no mere figure which localizes the emotions in the heart or 

bowels, but a statement of sober physiological truth. A heart- 

less man is one whose intellectual appreciation of the results of 

an act does not awaken sympathetic thrills in his physical being 

adequate to quicken in him a participatory or sympathetic state. 

Such a condition may be acquired by habit or produced by her- 

edity. Practically, we are first interested to study the physical 

substrata conditioning the emotional temperament and its ex- 

pressions. 

The sensrtional elements in emotion are, first pains and 

sense gratifications ; second, obscure organic and total sensa- 

tions which are not usually perceived as such, but are interpret- 

ed as part of the feeling; third, reproduced pains or gratifica- 

tions always followed or accompanied by total sensations ; 
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fourth, representations which awaken by association either re- 

produced pains and gratifications which, in turn, give rise to 

total sensations, or the latter without the former ; fifth, instincts, 

which obey laws of association whose rational explanation lies 

in the development or phylogenetic history. 

Pain and sense gratification are more difficult to construe, 

because more direct and simple than the others named. So 

long as pain, etc., were regarded as simply exaggerated forms 

of ordinary sensation the problem was insoluble. That this is 

not the case is suggested by the fact that they pursue other 

courses in the cord, and are associated more closely with ther- 

mic sensations. If a small area of the skin is isolated it is 

found that tickling with a feather is interpreted as warmth, and 

a thrust with a needle cannot be distinguished from heat. In 

other words, if the local signs by which position is recognized 

are excluded, the differences break down. It may be noted 

that general changes in temperature states are closely connected 

with the general feelings, as witness a shudder or the cold chills 

of fear, and the glow of pleasure. Briefly stated, the peculiar- 

ity of pain and intense gratification of sense which adapt them 

to become sources of feeling, is their diffusive (irradiative) char- 

acter. If the current suggestion that algesic stimuli pass by 

conduction through the gray matter of the cord be substantiated, 

a much closer connection with the visceral centres than hitherto 

suggested may be postulated, and the thrill of pain can be read- 

ily interpreted as the sympathetic contraction wave passing 

throughout the vascular system. The evidenee for the exist- 

ence of adequate vaso-motor causes of the sensational element 

in emotion is largely subjective, but those familiar with nervous 

diseases will not lack for evidence that variations in circulation 

are powerful factors in emotional disturbance. Shame is an 

emotion quite independent at times from any judgment of ade- 

quate occasion for chagrin. It is very closely connected with 

peripheral vascular changes. In anemic or neurotic persons 

the flush may come without any external exciting cause, and 

yet frequently produces all the subjective effects of shame. Not 

very infrequently this symptom becomes intolerable and almost 
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alone drives one from society. Still more frequently psychical 

reflexes become associated with it and enhance its power. Fear, 

which originates in a shock or contraction wave of the vascular 

system, bringing a whole series of visceral and secretory changes 

in its wake, illustrates the possibility of separating the sensa- 

tional from the cognitive element. Dreams often afford in- 

stances of all the physical manifestations of fear, with no: ade- 

quate cognitive process. The writer has dreamed of being the 

actor in a play in which fear of impending danger entered, and, 

in his capacity as actor, felt fear (sensational); while in his ca- 

pacity of critic he, at the same time, observed the entire inade- 

' quacy of the supposed occasions of fear. 

Lange says: ‘‘ No one has ever thought of separating the 

emotion produced by an unusually loud sound from the true in- 

ward affections. No one hesitates to call it a true inward affec- 

tion. No one hesitates to call it a sort of fright, and it shows 

the ordinary signs of fright. And yet it is by no means com- 

bined with the idea of danger, or in any way occasioned by as- 

sociations, memories, or other mental processes. The phenom- 

ena of fright follow the noise immediately, without a trace of 

spiritual fear. Many men can never grow used to standing near 

a cannon when it is fired off, although they perfectly know that 

there is danger neither for themselves nor for others—the bare 

sound is too much for them.’”’ One who has walked over a rail- 

road trestle by night and narrowly escaped a fatal plunge by ob- 

serving just in time the absence of a tie, will be able to recall 

the peculiar series of organic sensations involved. The thrill 

of vaso-motor disturbance pervading the body—the twitch of 

the radial artery—the pain in the sternal region—the suffocating 

sensation in the breast and lump in the throat—and finally, the 

‘‘gone’”’ sensation in the abdomen somewhat resembling a sen- 

sation of cold, and due in all probability to vaso-constrictor re- 

actions in the visceral vessels—these, and many more, illustrate 

the bodily effects which may wholly precede the apprehension 

of danger, and may be enhanced by a variety of imagination 

pictures, and may express themselves in impulsive gasps and 

gestures. It is not necessary to call attention to the fact that 
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mental images may be almost equally effective with the actual 

external irritations in producing the sensational responses of 

emotions. Before passing from the direct sensational elements, 

however, it may be noticed that those senses which externalize 

their data (vision, hearing, etc.) have special powers over the 

emotions which may in part be explained by a sort of central 

(bulbar ?) irradiation. Simple colors aad musical sounds pro- 

duce a vague and feeble pleasure unworthy to be called emo- 

tional, but similar to the normal subjectivity of nervous action ; 

but a symphony or aurora plays on the sensitive organism like 

a harp. The writer, without musical tastes or education, con- 

fesses to the tumult of indescribable sensations produced by 

Wagner or Beethoven. Flushes of cold and heat; tinglings 

and palpitations local and general; gusts and torrents in the 

blood ; creeping, swelling, scintillation of the skin; giddiness 

and elation—these and indescribable ‘‘all-over’’ sensations are 

easily separable from intellectual appreciation, which may even 

be absent; and one may be a wandering spectator observing the 

irrational gyrations of his own sense to tintinnabulating stimuli 

upon which judgment turns the cold shoulder. Another class 

afforded by the tickling and shuddering, or irradiation sensations 

proper, further illustrates the necessity of diffusion in emotional 

sensation. The slight sensations of tickling, aided by subject- 

ive modifications, extend in most varied and irresistible sensa- 

tions over the whole body. Its emotional character is almost 

wholly apart from the intellectual element. The shudder and 

chill which spring from a gritting sound or the velvety touch 

of a peach, imply in addition considerable instinctive elements. 

The effect of instinct is powerful in the emotions generally. 

The faintness at sight of blood may be entirely apart from ap- 

prehension, The universal creepiness inspired by the approach 

of a harmless snake or the proximity to a precipice, are illustra- 

tions of a form of sensation obviously highly developed in ani- 

mals (witness the rising hair of the new-born kitten at the odor 

of adog). The sight of many small animals, pets, or children, 

produces a marked thrill, in most children, often accompanied 

by curious sensations at the root of the teeth (analogous to the 
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sensation sometimes felt with surcharged bladder), and accom- 

panied by strong impulse to squeeze or hug the animal, to con- 

tract the muscles of the jaws, arms, etc. 

These are often very powerful sensations, and productive 

of almost violent impulses. They are analagous to certain sex- 

ual instincts (perverted in gynophagia, etc.), but are quite dis- 

tinct from them. 

The impulses of emotion have received careful study, and 

only too often have been identified as part of the feeling. If it 

were desired to analyze emotion as of three-fold character, thus: 

sensation, cognition, impulse, there could be no serious objec- 

tion, except that impulse doos not always require consciousness 

of its occasion as emotion must. Strong evidence as to the na- 

ture of emotion is afforded by the fact that imitation of the ex- 

pressions of emotion reflexly awaken the emotion, while vigor- 

ous repression of these impulses quickly obliterate it. Distrac- 

tion of the attention may check the tempest rising in a child’s 

bosom which, once overflowing, could only find relief in ex- 

haustion. 

Many persons who are not suspected of neurotic disease, 

have a transitory mania which exhibits itself in paroxysms of 

fury as blind and unreasonable as those of a maniac, and which 

may be occasioned by trivial circumstances. The fact that im- 

pulsive responses to emotional excitation have this reflex power 

is a significant one in the treatment of nervous disease. Bucke’s 

description of nervous dyspepsia may find a place here. ‘‘ All 

physicians who have been much engaged in general practice 

have seen cases of dyspepsia in which constant low spirits and 

occasional attacks of terror rendered the patient’s condition pit- 

ijable in the extreme. I have observed these cases often and 

have watched them closely, and I have never seen greater suf- 

fering of any kind than I have witnessed during these attacks. 

Thus a man is suffering from what we call nervous 

dyspepsia. Some day, we will suppose in the middle of the af- 

ternoon, without any warning or visible cause, one of these at- 

tacks of terror comes on. The first thing the man feels is great, 

but vague discomfort. Then he notices that his heart is beat- 
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ing much too violently. At the same time shocks or flashes, 

as of electrical discharges, so violent as to be almost painful, 

pass one after another through his body and limbs. Then ina 

few minutes he falls into a condition of the most intense fear. 

He is not afraid of anything; he is simply afraid. His mind 

is perfectly clear. He looks for a cause of his wretched condi- 

tion, but sees none. Presently his terror is such that he trem- 

bles violently and utters low moans, and at this stage there are 

no tears in his eyes, though his suffering is intense. When the 

climax of the attack is reached and passed, there is copious 

flow of tears, or else a mental condition in which the person 

weeps upon the least provocation. At this stage a large quan- 

tity of pale urine is passed. Then the heart’s action again be- 

comes normal and the attack passes off.” It isnot the purpose 

of this article to suggest remedial or obviating proceedure, but 

it is obvious that the vaso-motor conditions in hypochondria 

and nervous acme of all kinds acquire new significance in this 

connection. 

Another group of phenomena connected with emotional 

excitement has recently been adverted to. 

In a paper before the International Congress of Experi- 

mental Physiology, session of 1892, Professor Hugo Minster- 

berg details the results of experiments, showing that the emo- 

tional states react differently on the entensor and flexor systems 

of skeletal muscles. After having for some time practised 

moving an index on a scale ten or twenty centimetres centripe- 

tally and centrifugally, until the distance could be quite accu- 

rately estimated with closed eyes, he tried the same experiment 

while experiencing pleasurable and painful emotions. The re- 

sults are interesting. Purely physical variations, such as would 

be expected a priori, are seen in the under-estimation of the 

distance in dull or serious moods, and over-estimation when 

excited or amused. But psycical variations appear when they 

would hardly have been expected. Thus in unpleasurable emo- 

tions the extensor motions are too small, while flexor motions 

are too large, and during pleasurable emotions the flexor mo- 

tions are too small and the extensor motions too large. The 
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author does not hesitate to found on this observation the theory, 

that it is not simply true that painful emotions produce flexor 

motions and pleasurable emotions extensor motions, but that 

the psycho-physical effect of the reflexly produced extension and 

flexion is precisely what we term pleasure or painful emotion. 

A farther generalization is that extension must always, from the 

biological stand-point, occur with serviceable, and flexion with 

harmful, irritations. 

Even the infusoria exhibit the same tendency. This lies 

at one extreme, while at the other the pleasurable emotion of 

assent is but an associated reproduction of earlier extensor mo- 

tions, and vice versa. Pain and pleasurable sensations acquire 

emotional value only through the aid of associated muscle sen- 

sations, z.¢., such as form the foundation of our empirical ego. 

These suggestions are expressed in a somewhat different 

‘form in Tuke’s well-known text-book. ‘‘ By acting chiefly on 

the flexor muscles, fear causes the general bending or curving 

of the frame; while €ourage contracts the extensors, and pro- 

duces expansion and height.”’ 

‘«The opposite muscular states of contraction or tension 

and relaxation alike find illustration in the emotion of terror, 

for with the signs of the former already mentioned, and the 

stare of the eye, are combined the relaxation of the masseters, 

‘‘Calmness 

—a placid condition of the feelings generally—is marked by a 

’ the sphincters, and the processes of organic life.’ 

gentle contraction of the muscles, indicative of repose, but at 

the same time of latent power—by the countenance free from 

furrows, but not relaxed into weakness. Anger or rage con- 

tracts the masseters, inflates the nostrils, furrows the forehead, 

and exposes and rolls the eyeballs, clenches the fist, and induces 

a violent action and more or less rigidity of the muscles 

generally.” 

‘‘ As all movements have for their great end the preserva- 

tion as well as the enjoyment of the individual, and as contract- 

ion and relaxation take place primarily to attain this end, a 

general expansiveness of expression and gesture is allied with 

all the emotions which are excited by impressions (or generated 
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by ideas) of a beneficent character; while a general exclusive- 

ness or contraction of features is allied with emotions excited 

by maleficent expressions; the object of one class of move- 

ments being to court and receive, and of the other to avoid and 

reject.” ‘‘ Pleasurable and painful sensations from without de- 

termine, then, the form which the muscles called into action 

assume; the purpose being to protect the organs. Similar 

muscular changes arise from the emotions, according as they 

are pleasurable or painful, in consequence of the harmony be- 

tween mental and bodily acts.” 

The existence of impulses of the most recondite and adap- 

tive sorts need not be denied, nor can it be doubted that these 

reflexly contribute to the emotional element. It must be 

urged, however, that emotion, strictly speaking, is subjective 

and must not be identified with its bodily occasions or results. 

The practical problem is to acquire control over the conditions. 

The transition from emotion to sentiment is imperceptible. 

Joy and sorrow are sentiments growing out of pleasure and dis- 

pleasure, and these have their counterparts in sense gratifica- 

tion. Conjugal love is the sentiment of which passion is the 

emotion, for which erotic excitement may afford one sensational 

basis. 

The rhythmical flux of the feelings is explained by physio- 

logical oscillations. In the morning, when the current of life 

is full, emotions are not easily awakened. A morning audience 

is not a responsive or emotional one. The processes of nutri- 

tion exert a powerful effect. Physiological acme, like puberty, 

and the climacteric, predispose to emotions. The early devel- 

opment of the sensational element of emotion and its prepon- 

derance in the lower animals has been thought to imply that 

feelings are prior to cognitions. A more just analysis recog- 

nizes the psychical element of emotion as essentially intellec- 

tual, and abandons the attempt to secure a serial relation of the 

‘« faculties.” 



URANISM, CONGENITAL SEXUAL INVERSION. 

Observations and Recommendations by 

Marc ANDRE RAFFALOVICH. 

INTRODUCTION. 

Filie Luxurie sunt octo, scilicet ccecitas mentis, 

inconsideratio, precipitatio, inconstantia, amor 

sui, odium Dei, ‘affectus presentis sculi, et des- 

peratio futuri seculi. 

—TxHoMmMAs AQUINAS. 

I have neither desire nor time to write an encyclopedia of 

inversion, still less to review the discoveries, the opinions and 

the assertions of other writers and their followers or adversaries. 

I have wished primarily to submit to my readers certain obser- 

vations as new and as exact as possible. I have criticized with 

all possible respect my predecessors, masters or followers ; andI 

have decided to make an appeal to all those who have at heart 

the dimunition of suffering and debauchery among the children 

of the present or the coming generations, 

The education of congenital inverts (or uranists, to employ 

the word invented by a famous invert) has not yet been under- 

taken. Weare strangely ignorant of the indices of homosex- 

uality in children. Homosexuality is increasing and will in- 

crease. Wecan hardly cure the inverts. Hypnotism is not 

satisfactory and marriage is the worst of remedies, sacrificing 

the peace and health of the children to the improbable cure of 

the father and his doubtful restoration. There are already too 

many inverts and perverts who are married and who are fathers 

and hypocrites for marriage to save the honor of a homosexual. 

The education of the uranist is a desideratum ; it will be 

ere long a necessity. If we apply ourselves to the discovery 

of the uranistic child, to his development and the amelioration 

of his condition, if we encourage in him continence, chastity, 
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soberness, duty, we shall find ourselves in the presence of a 

- new class adapted for celebacy, for study, for religion (since the 

realization of their desires is not of this world.) Like the ideal 

physician of Plato, the best of them will be of sufficiently weak 

character to understand the sins of their fellows, and of suffi- 

cient strength of will to make themselves useful. 

Meanwhile (and this is meant for those who think that 

every Utopian scheme is vain, and they would not be wrong if 

such uranists had not always existed) the chastity of certain great 

men (whatever be the cause of it) has contributed greatly to 

civilization. The study and the furtherance of the education of 

uranists would have immediate results. Not only could many 

little beings now already begotten or wailing in their cradles be 

benefitted, but many new facts would be learned. 

The causes of uranism (I speak of first causes) are prob- 

ably as mysterious as those of the difference of sex; they prob- 

ably do not lie within the province of our science, but we may 

be able to attain a knowledge of their mechanism, their ascen- 

dency, their heredity. 

In the following pages I shall not attempt to study the 

prenatal causes of uranism, that I may not be embarrassed by 

hypotheses. After some observations which have appeared in 

the Archives d’anthropologie criminelle and which have been 

received with an interest very gratifying to me, I shall trace 

to the best of my ability (with some necessary digressions) the 

psychological history of a superior uranist under certain condi- 

tions, one who, however, begins his life enslaved by his vice ; 

then I shall indicate my theory of sexuality; and I shall con- 

clude by urging scholars, teachers and parents to attend to the 

moral education of uranistic children. 

PREFACE. 

Some Observations upon Inversion: 

In my capacity as an observer and living much in the 

world, I have known many inverts and noted others. Their 

confessions, serious, sad, trifling, shameless—their lies and their 
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reticence, have taught me many things either generally unknown 

or neglected. 

These are some of the observations. 

The inverts are not at all content with the old explanation 

of the feminine soul in the masculine body. Some of them 

are more masculine than other men and are attracted to their 

own sex in proportion to the resemblance. They say that they 

despise women too much to be effeminate. Others think that 

similarity is a passion comparable to that excited by sexual dis- 

similarity. As men, they love men; but they affirm that if 

they were women, they would love women. These are the uni- 

sexuals par excellence. They are also the superior and the 

most interesting ones, they are perhaps the only ones who do 

not deceive either for the pleasure of deceiving or unconsciously. 

It might be admitted (and this would be a pretty general rule) 

that the more moral value a unisexual has the less effeminate 

he is. 

It isan error to suppose that the unisexuals, the inverts, 

recognize each other. This is one of their boasts which has 

been often repeated ; but one of their subjects of conversation 

is the very question whether this or that one shares their tastes, 

habits or proclivities. The effeminate of course recognize each 

other, but one may recognize them quite as easily without be- 

ing himself effeminate. But prudence, self-love, pride, self- 

respect, a deep affection, a thousand sentiments, prevent a uni- 

sexual from betraying himself thus unless he is debauched or 

very effeminate. I think that the congenital inverts are less 

vicious and debauched, more honorable and estimable than most 

perverts. One may without much inconvenience (or even with- 

out any) be united by the ties of friendship with a congenital 

invert; but I have never found a pervert whose perversion was 

simply sexual. It is, however, possible that exceptional cir- 

cumstances—isolation, or the influence of a remarkable and su- 

perior invert—should act upon an individual and invert him 

without great injury to the rest of his character. In this case 

one would not be aware of the inversion, for it would be limited 

to the relations with a single person, the superior invert, and_ it 
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might be at length refined to such a degree as to be unrecog- 

nizable and as for the inversion produced by isolation, it would 

disappear with this isolation, or if it persisted, it would remain 

absolutely sexual. It is with the congenital invert that the in- 

version is most often absolutely sexual. The born invert is ac- 

customed to his character, his inversion is not acquired from 

vice or weakness or vanity or the love of gain or imitation or 

cowardice or fear or from the desire to win over some one who 

is necessary or useful, which are all causes of perversion. 

The physicians who try to cure inverts have not sufficiently 

noted the dangers to which they expose their patients. They 

may transform their invert into a pervert. I do not think much 

of permanent cures of the sexual sense. Every imperfect cure 

may make of an invert a pervert; and if the invert is danger- 

ous and contagious, the pervert is much more so. He has 

more points of contact with the normal young man; he startles 

him less, he takes less complete, though easier, possession of 

him than does the invert. The men who have seduced, cor- 

rupted and defiled the souls and lives of their younger compan- 

ions are usually perverts. They have not always been unisex- 

ual. They have more power. They are more vicious. The 

unisexual who attempts bisexuality is as corrupt as the normal 

sexual man who attempts unisexuality; they have all vices, 

both those natural to them and others. Let the medical healer 

remember this before undertaking a congenital invert. Rather 

than to add the vices of the normal man to the abnormality 

which he has, the superior invert (it is he alone who would have 

a strong desire to change his condition ; the inferior inverts find 

adequate satisfaction all too easily) should try—under proper di- 

rection—to lift himself above himself and his vice. The tenden- 

cies of our time, particularly the prevalent contempt for reli- 

gion, make chastity more difficult for every one, and the invert 

suffers more from this than others. Instead of debasing the 

honorable invert by making him run after prostitutes and subse- 

quently to become the unfortunate husband of a less fortunate 

wife and the father of children who will suffer as much as he or 

more, the attempt should be made to occupy and interest him 
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and to show him the horizons which he can attain by dint of 

effort and of will. If chastity were a virtue in better favor I 

should commend it to the physicians as a more effective remedy 

than to send the invert to a ‘‘ puella”’ 

riage and paternity. It would be better not to increase the 

to prepare him for mar- 

number of husbands and fathers who are inverts or perverts. 

Instead of pointing out to the invert the normal state, which is 

for him an impossible goal, he should be made to hope to at- 

tain one day a state far above the normal. But how is this 

possible without honoring chastity a little more? As for the 

invert who wishes to marry in order to have children, his de- 

sire is almost criminal; if he marries for social convenience, to 

reinstate himself or to please his family, he ought to marry a 

woman older than himself, a woman of the world, who under- 

stands everything and accepts the situation. | Even then the fu- 

ture is very uncertain. 

The women of today are interesting themselves a great 

deal in masculine unisexuality. A great deal is said about it at 

present ; the women are very well informed on this subject, not 

only the unisexual women (who are all accomplices of the uni- 

sexual men in all degrees from platonism to abjection), but also 

honorable women. 

The women have contributed not a little to the unceremo- 

niousness of the masculine unisexuality of the world. Arrived 

at a certain age, the women who no longer attract the attention 

of true men turn to the unisexual men who pay them attention 

for the sake of effect. Thus it is that inverts and perverts, who 

ought to be shut up in the insane asylums or penitentiaries, enter 

society and are there centres of infection. 

I have sometimes asked myself if the serious writers who 

have treated of sexual inversion should not possibly be a little 

more reserved and prudish and not quite so innocent. They 

have all successively described the practices previously described 

by Martial and Petronius and boasted of by Verlaine and 
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Platen. In Latin, in German, in French, more rarely in Eng- 

lish, with circumlocutions or without (but, alas! not frankly 

and simply), they repeat, one after the other, the habits which 

have always been known to the inverts, the perverts or the 

well-informed. I think the time has come for this to stop; and 

I imagine that the readers of scientific or psychological works 

can dispense with a detailed report of vices which upon the 

whole are rather rare. The plurality of homosexual vices once 

established (this has been necessary in order to establish the 

comparative rarity of sodomy, technically so-called), I do not 

see that science gains by their repetition. I should not com- 

plain, possibly, if inversion or perversion were treated with less 

frankness. The writers and their readers are so little conver- 

sant, it would seem, with very wide-spread vices (which, too, 

are spreading more and more) that they can neither understand 

them nor speak of them without apology and reserve. Why 

not speak of that which they see with their own eyes instead of 

recounting the errors of their predecessors or the indecencies dis- 

cussed by them? If they cannot or will not see for themselves 

if they lack sufficient penetration or courage, then why attack 

so important a question which requires a penetrating scientific 

insight and a knowledge of the world as it is? Men of intelli- 

gence, excellent I have no doubt, seem to me to slip over this 

ground superficially and almost all in the same way. Have 

they really known or identified inverts or perverts? If not, 

they ought not to talk of them. If they have known or iden- 

tified them, why do they not help them on a little? 

Notably in Germany and Austria, Moll and Max Dessoir 

(who has contributed so much to the psychology of sexual in- 

version) and Krafft-Ebbing (author of the vast Psychopathia 

Sexualis, a valuable book which, however, brings together again 

rather too many of the falsehoods of that most deceitful race, 

the inverts and perverts) are free from this reproach. But 

Krafft-Ebbing seems to me to put too much confidence in the 

protestations of his patients. It is natural that the inverts 

should be eager to win over to their cause a man of the reputa- 

tion and merit of Krafft-Ebbing, and it is easily comprehensible 
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how his kind heart and his loyality to the race might mislead 

him more than once. I do not think that the inverts are to be 

pitied as Krafft-Ebbing conceives it. If they are superior in- 

verts, they suffer only what superior men always suffer. The 

strife between conscience, the propensities, prudence and the 

world is no worse for the superior invert than for the superior 

heterosexual man. Let us pity superior men if we will; but 

the strife against the passions is about the same whatever the 

passions may be, and we may pity the striver if he is noble. 

As for the ordinary or degraded inverts, they are no more to be 

pitied and they no more expect to be pitied than drunkards 

either from taste or habit or than the inveterate patrons of 

prostitutes. 

I shall return to this point later. If the reader wishes to 

get some idea of the confusion which reigns among the authors, 

I will cite the great work of Dr. Dallemagne, Dégénereés et 

deséquilibrés. Not to retard my progress or cumber the 

ground here, I refer to the second note at the end of this paper. 

I hope that Dr. Dallemagne, who cites me without criticizing 

me, will not acuse me of ingratitude; I criticise him as the most 

recent writer and certainly not the least serious. 

Persons are born more or less inverted, or they may ac- 

quire it either during that period of sexual indifference (so 

subtly studied by Max Dessoir) which lasts beyond puberty, or 

perhaps long after. Circumstances, isolation and its concomi- 

tants, bad examples and bad advice, reading and conversation, 

a young and passionate seducer or a prudent, adroit, and ex- 

perienced one, disgust with heterosexual sexuality, disease, 

transitory or permanent psychoses, vanity, cupidity, or even 

necessity may transform a heterosexual into a homosexual. 

With the congenital invert the inversion manifests itself 

very early. We should have thorough knowledge of that of 

which as yet we know so little, the sexuality of childhood, so 

as to know whether the heterosexual tendencies really develop 

so much more slowly or whether they are not observed when 

met. Before affirming that this sexual precocity (precocity of 

feelings, not acts) is a sign of the degeneration of the inverts, 
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account should be taken of the proportion of sexually preco- 

cious heterosexual children. How many little boys, how many 

little girls, form attachments for each other or for adults? 

How many little boys of five years are enamoured with a beau- 

tiful woman ora grown-up girl? People laugh at them and 

repeat before them that which they think about so mysteriously 

and express so comically and the little ones in the end explain 

to themselves the motives for their sentiments. 

And certainly these sentimental affections are not rare with 

children. They are foolishly encouraged because they are 

amusing ; but as these affections when they are homosexual are 

not amusing, they receive no attention. The child understands 

all this obscurely; when he gives some sign of the emotion 

produced in him by the presence or the contact of a man, he 

perceives that his agitation passes unnoticed. When he gives 

a flower to,a woman people joke him; when he puts his hand 

in that of aman they say nothing. The man interests him 

much more than the woman and the grown persons think the 

contrary. The child devines very quickly that there is a misun- 

derstanding there, and with the marvelous dissimulation of child- 

ren he accepts the situation. Children are so dissembling, not 

only fromignorance but stillmore from fear and prudence. They 

know very early what they ought to say and especially what they 

ought to conceal. Science ought not to be surprised at this, 

for it exists to a certain degree among the domestic animals. 

Vanity and love of approbation are characteristic of children as 

of animals. 

It is natural also that the congenital invert should recall so 

clearly the precocity of his propensities. There arrives a mo- 

ment in the existence of every invert when he deciphers the 

enigma of his homosexual inclination. It is then that he re- 

views all his memories and in order to justify himself in his own 

eyes he remembers to have been what he is from his earliest 

infancy. Homosexuality has colored all of his young life; he 

has thought of it, dreamed of it, pondered over it—in perfect 

innocence very often. While still very small he has im- 

agined himself kidnaped by brigands or barbarians; at 
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five or six years of age he has dreamed of the warmth 

of their breasts and naked arms. He has dreamed that he was 

their slave and has loved his slavery and his masters. He has 

not had a single grossly sensual thought, but he has discovered 

his sentimental bent. 

The well-born congenital invert may be exceptionally inno- 

cent physically up to the age of puberty if he has no bad coun- 

sellor and if he is shy and ignorant of his own bodily structure. 

His depravity is then strictly cerebral and sentimental. It is 

not as yet applied to the surrounding persons. He loves the 

paintings, statues, and pictures representing pretty figures. 

Workmen, however, interest him on account of their garments, 

which differ from those worn by his parents; and he already 

experiences that passion of the invert for everything which re- 

sembles a uniform or a conventional costume. That which the 

‘Germans call soldaten lebe is so widely known and-so widely 

practiced among the inverts and the corrupt in all the Europ- 

ean countries that in certain towns the number of soldiers who 

prostitute themselves is larger than one would like to suppose. 

It is not an exaggeration to say that in certain regiments the 

presumption is in favor of the venality of a majority of the sol- 

diers. The clientele must be numerous and assiduous for such 

results. The soldier is the craze of many inverts and the sol- 

dier as soon as he finds himself alone or with another soldier 

tries to allure his client by his looks and his bearing. His co- 

quettish and trim clothes are not without effect. This is deplor- 

able and painful and we may well wish to find a remedy for it, 

which is, however, impossible at present. Shamelessness and 

venality can be pushed no further. 

While still young and pure the child feels himself ready 

for anything mysterious. He has heroic dreams. He isa hero 

loving another hero, and his waking visions are as fervid as any 

fairy stories. He is either the hero or the chosen friend or 

even more rarely and for a short time the heroine of the ro- 

mance which he reads or hears related. The invert from birth 

is not necessarily effeminate; he is not always so, and he does 

not always prefer little girls and their games. 
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It is well to remember that the effeminate inverts are the 

best known because they have much the greater passion for 

confidences and for boastfulness. The inverts who hold their 

peace have not yet been found out and Krafft-Ebbing does not 

put them upon record. They exist nevertheless and they are 

the ones who prevent us from despairing for the race of inverts. 

Without them the vices of the woman added to those of the 

man would be a spectacle too disheartening. 

It is difficult to do justice to the inverts ; so also it would 

be difficult to do justice to the heterosexuals if we were to confine 

ourselves exclusively to their sexual life. Falsehood and sexu- 

ality are always so intimately associated because reality belies 

desire since expectation and realization are in glaring contradic- 

tion. If men were bold today, if they were not under the 

sway of an all-pervasive materialism, how differently would 

they think of sexuality ! 

The invert thinks himself sufficiently disinterested to judge 

of the baseness of sexuality—but he has not the courage to 

go to the limit and to aspire to chastity ; he invents arguments 

in favor of his own propensities. If he were the superior be- 

ing that he imagines himself and if he had any religion, he 

would shake off the bonds of the flesh and make himself use- 

ful to humanity. How much celibacy and continence can do 

for an invert they only know who are not materialists. 

The day when the invert ceases to call for the indulgence 

of society, he will begin to justify himself in the eyes of truly 

superior men. Because heterosexuality is not suppressed homo- 

sexuality ought to be equally favored. Strange logic, if the 

repression of heterosexuality is one of the problems of the fu- 

ture, as I believe it to be. 

Along with this romancing, this platonism, these fervid 

stories, the child feels a carnal attraction for the man and he 

does not yet know, perhaps, that the two thoughts which inter- 

est him are related. Every day the child may seek for oppor- 

tunities to touch the hand or the body of a domestic, at meals, 

for instance, or on the stairs; and every day the same child 

may dream of the most innocent and fantastic careers. This 
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inconsistency is common with both men and women; with men 

it is especially objectionable. It terminates in hypocrisy, in 

weakness and in uselessness. Virtues apprehended by the in- 

tellect merely, not by the will, cannot effect a cure. They often 

do more harm than good. Fair speech and thought with a cor- 

rupt life do more harm to young men than shameless debauch- 

ery. He should not say too much about the ideal of chastity 

and purity, for chaste words from a profligate seem too much 

like the lassitude following the debauch to the eyes of the rude, 

the young or the scoffers. 

The inverts follow out this inconsistency to its extreme. 

For the most part there is a total difference between their the- 

ories and their conduct; they have propensities so etherial, 

they are so conscientious (in their own estimation), and their 

gratifications are both imperious and easy. When alone they 

are siezed with sudden desire or they even seek out from time 

to time a young and compliant friend, a friend more poor than 

themselves, often one who who is married. These inverts are 

not the worst. Their hypocrisy may be feebleness. They per- 

vert others but little after their earliest youth. They have some 

regard for their dignity. They are not chaste, but they arenot 

libertines. A young man might be entrusted to them without 

danger. They do not spread the contagion. They are solicit- 

ous of their honor and their reputation. Some succeed in con- 

quering themselves after a fashion, in overcoming their youthful 

errors, and if they pass the crisis, which is as frequent in the 

man who has settled down as in the chaste woman, they may 

die respectable and respected. 

The inverts not having chosen their own nature should be 

credited with the desire of improving and purifying themselves ; 

and if we should assert the superiority of the invert who re- 

strains himself over the heterosexual man who abandons himself 

to his sexuality, this would be nothing more than justice. 

The child (to return to the poor being) probably feels for 

the domestics in livery or in their shirt sleeves the first touch of 

that obsession of the uniform, an obsession which occurs in the 

sexual life of the heterosexual. How many men love the 
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woman clothed or half-clothed in a certain fashion. Most men 

love a certain type and everything which approaches to it in 

carriage or aspect acts upon them more rapidly and violently. 

Often after an infidelity to their type they return to it with 

the more servitude. Men have but little imagination. Some 

of them with all their conquests, whether of women or men, 

make the same pilgrimage, go each time docilely to the same 

museum, to the same place in the environs of the town, 

ete. etc: 

The difference between the classes is under certain circum- 

stances almost tantamount to that between the sexes. It is very 

possible that this observation which I have often had opportun- 

ity to make will explain the sonnets of Shakespeare. An en- 

thusiastic friendship (a passion which involves neither inversion 

nor perversion) and the social distance between Shakespeare 

and the young man, and the youth of one and the ripe age of 

the other might give the clue to the enigma. The inverts and 

perverts comprise so many celebrated men and so much glory 

that they may give up Shakespeare. 

The child escapes none of these influences. His parents 

have forbidden him to associate familiarly with common people ; 

and the laborer, the valet, the butler, the coachman, seem to 

him the more attractive. If the child is ill and if he it carried 

by one of these men, his heart beats with fear and pleasure be- 

fore, during and after it. He compares these sensations with 

those which he experiences in the arms of his father or a 

brother and the difference is so great that the child cannot be 

deceived about it. He admits it. He does not know why. 

He conjures up some explanations. He begins by thinking 

that such or such a man pleases him. But it is not a man who 

pleases him, whose embrace enraptures him, whose touch tu- 

multously excites him; it is the man. When the child has so 

far surmounted his ignorance as to arrive at this knowledge of 

himself, his sentimental education progresses of itself. The 

child furtively gives way toa host of impulsive acts to attract the 

attention of the man who interests him, without being suspected 
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by his family. An amorous woman is not more foolish and 

more prudent, more patient and more impatient. 

These manceuvres may continue several years before, dur- 

ing and after puberty. The child sees more and more clearly 

his desires take definate form. At first he does not know what 

he desires—some sort of contact, a kiss. Greek history then 

informs him that Greek men loved each other; that the Greeks 

were beautiful, noble, admirable, that Greek love is not ap- 

proved of by present customs, that Socrates and Alcibiades 

slept under the same mantle, etc. It needs no more to excite 

and fill the imagination of the child. ‘‘I am then an ancient 

Greek,” he says to himself. He rather looks down upon the 

moderns. He is still too far removed from modern life to be un- 

easy about his inversion. On the contrary, it interests and 

occupies him. 

At college the invert may remain innocent, while the 

heterosexual may be trained there in a more or less permanent 

way for homosexuality. The influence of the boarding school 

isa very important matter and one very difficult to fathom. 

All—or almost all—whom one questions and who will reply 

are probably far beyond or far under the truth. The inverts, 

for example, are either very reticent or very boastful. Many 

of them have a craze for seeing their kind everywhere. The 

heterosexuals who are not smitten with the passion for gossip 

would probably deny it shamelessly from cowardice, shame, 

indolence, or what-not. The masters, as may be easily con- 

ceived, can neither tell nor see the truth in this matter. If it 

is easy in the prisons, to indulge in unisexuality, the vicious or 

inverted children are no less ingenious than the prisoners. The 

very vicious at college are often inverted only by vice without 

any other occasions. Children may debauch themselves with- 

out for that reason being inverts. Many inverts have an exag- 

gerated modesty which may shield them, though the dormitory 

life is inimical to modesty. 

It is well to remark here that if any one observes in little 

boys an instinctive modesty, especially in the presence of a man, 

he should be mistrusted. Are wein the presence of an invert? 
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The inverts when they are very small show all the signs of 

modesty before one of their own sex. This modesty, unless 

eradicated at college or concealed from prudence, persists 

throughout life. They are extremely boastful when they begin 

to overmaster it. After they have madly given themselves up 

to unisexuality they lose that modesty and prefer rather the 

contrary. The modesty of a woman of bad life is not that of 

an honorable or delicate and high-minded woman. 

I have not sufficient material to study the question of dor- 

mitory life. The tales and confessions of inverts are upon this 

subject worthy of little credence. Inverts, as I have said be- 

fore and shall again repeat, are liars, and in speaking of their 

childhood they seek to exculpate themselves or to make them- 

selves interesting by virtue of taeir passion and ignominy. 

I shall only remark that certain children are not interested in 

the other children. They may thus pass through the boarding 

school without being attracted to their comrades of their own 

age. They love either the big boys who most of the time do 

not pay any attention to them or the domestics or the masters, 

It is evident that these children would never be in danger. 

Their affection for their masters would almost always only fortify 

them in their desire for study. They are the children who do 

not regard themselves as children. In their dreams they are 

already great persons. 

Other inverts as is well known, always love some one (or 

ones) of their own age. They are ¢#e homosexuals. They 

have the passion of similarity. They are perhaps among the 

less effeminate. I should like to emphasize this fact: the in- 

verts cannot be effeminate as the effeminate can be heterosexual. 

It is probably easier to pervert an effeminate person than to 

make an invert effeminate. 

The licentious, vaunting or diseased inverts have had the 

honor of so much publicity that the others are as yet little 

known. These attain. an intellectual and moral maturity with- 

out considering sex the pivot of the universe. They have noth- 

ing to complain of in their lot. They have to fulfil their 

mission here below and they do their best. There are also 
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some heterosexual men who break away from their genital life 

at some period of their growth. 

It is an error (which the writers on inversion tend to- 

wards) to suppose that the inverts are necessarily wayward, or 

deranged or bent on indulgence with some compliant individual. 

Many heterosexuals if they are in good health are not always 

thinking about women. 

As puberty approaches the peril of the invert increases. 

If he is a day pupil or is being taught at home his ignorance 

and anxiety are put into a ferment. Every accident now has 

its importance. He is probably ignorant of the physical side 

of the sexual act. He imagines perhaps that the relations 

among men are like those between women and men; he knows, 

however, that the realization of his desire will be sterile. He 

may be sufficiently mature for the sexual act and thinks that it 

consists in a superficial contact more or less prolonged. 

If any man, especially a man of the lower classes, as a do- 

mestic, is thrown into the company of a young invert, 

this man becomes the fixed idea of the child. I say the child, 

for at 13, 14, or 15 years, a boy trained in this way is a child. 

The young boy will contrive every day unexpected meetings 

with this man. He knows the hours of his duties and will put 

himself in his way several times a day if possible. He tries 

especially to meet him in the dark in order to feel the contact 

of his body against that of the man of to take him by the hand. 

Though previously modest, he will contrive occasions to show 

himself nude or semi-nude. 

I do not know whether it is instinctive or whether it fol- 

lows from the tales of feminine seduction which he has read, 

but he acts like a shameless and amorous woman. Such perse- 

verance will sooner or later be duly rewarded and some gloomy 

afternoon or some dark night the man will yield to the audacity 

of the young boy. 
Here again the details and the consequences of this 

downfall will all depend upon chance. The inverts who read 

this and the medical psychologists will acknowledge the truth 

of what I have written, though the family may not even know 
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that such things have taken place or are taking place before 

their eyes. Such liaisons may be developed and protracted for 

a long time, the audacity of the child in the first lascivious flush 

of puberty overcoming the scruples or the cowardice of the 

man. The difference of rank here takes the place of the dif- 

ference of sex. The man of the people allows himself to be 

led by a young gentleman when he would perhaps oppose a 

young boy of the lower classes. If the man is an invert ora 

pervert or very rough he asks merely an initiative from the 

young gentleman to be enchanted. If he is none of these 

things it shouldnot be forgotten that the degradation or the sub- 

jection of ason of his master or patron can only flatter a man 

of the people and avenge his own servitude. It should not be 

forgotten, too, that service may develop such a habit of obedi- 

ence that the domestic may submit to the caprice of his young 

master with or without pleasure, for better or worse. 

It is possible that in many cases a man who hunts up a 

young boy with the intention of seducing him may succeed 

only in frightening him. Many inverts have been frightened in 

their youth by the desire of a man without morals and without 

conscence and have escaped from his caresses seized with an 

incomprehensible terror either trantient or persistent. It would 

be only the invert born for passivity and feminine pliability who 

would easily allow himself to be violated or polluted or in- 

structed by any man, There are some virgin women who give 

themselves up who would not permit themselves to be se- 

duced. 5o also the virgin and masculine invert (there are some 

inverts who are rather a male and a half than a half effeminate 

male) might well offer himself and lend himself to all the delight 

and all the baseness while he would betake himself to flight ifa 

man should take the initiative. This would explain many of 

the histories of inverts and many of their refusals and consents. 

So far we can only pity or deplore the conduct of the 

young invert. He has all the excuses of his nature and he has 

had no advice, no assistance. He knows that his conduct 

would be execrated, but he does not consider himself any worse 

than the men or the women who are attractive to each other 
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and love each other. He justifies himself with the thought 

that these are the sexual pleasures which are called by the 

name of love and which according to the poets, the cynic mor- 

alists and the romancers rule the world. Being naturally homo- 

sexual, he does not see any difference between his vice and that 

of the heterosexual ; and not finding heterosexuality treated as 

it ought to be, that is without too much indulgence or enthusi- 

asm, his conscience does not trouble him. Itis only in learn- 

ing to break down or despise or to surmount sexuality and sen- 

suality that the congenital invert can turn away from homosex- 

ality. He takes to himself all the excuses which there are for 

heterosexuality and adds to them that homosexuality is sterile, 

etc.—about what Schopenhauer seems to have said in favor 

of pederasty. ; 

I am not here concerned with pederasty and pederasts, of 

whom too much has already been said; but I would remark 

that the distinction between the pederasts and the inverts not 

pederasts is not so absolute as people have recently (and in the 

interest of the inverts) tried to show. The horror of inverts 

for pederasty seems to me a little exaggerated. It is rather too 

much like the pretence of modesty when none is left. 

But after all, since this is the only way perhaps to keep the 

inverts under law and penalty, we accept this assertion. In all 

cases sodomy, technically so-called, is not by any means _neces- 

sarily the end of the sexual life of the invert; but it is certain 

that some inverts love either to practice or to submit to sod- 

omy. I understand how the students who have desired to re- 

habilitate the inverts may be unreasonable upon this subject ; 

but I believe that the truth is not as absolute as they affirm it. 

And, too, they sometimes contradict themselves. I am alto- 

gether of their mind if they wish to maintain that the pederasts 

are the off-scouring of the earth and the most bestial. Physic- 

ally they are puny, I imagine—and they deserve to be so. 

I have said that one could not blame the invert when he 

has first fallen; but if he is intelligent and if he has any strength, 

he can rise and retrieve himself. And it is not once in his life 

only that he falls ; he will fall and rise again many times, and if 
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he has any strength he will not allow himself to be degraded by 

the errors of a youth without moral direction. 

The superior invert has equal chances with the heterosex- 

ual and analogous dangers. He can grow up into a moral and 

worthy being such as a man ought to be, or he can sink into 

frivolity, luxury and falsehood. 

This moral education will have cost him dear and if he has 

cursed the father who begot him and the mother who conceived 

him, as well as society which has misunderstood him, he will 

find himself some day superior to his jeremiads, and if he ex- 

amines his complaisance this is what he will find: his com- 

plaisance and its moral and social value rest upon the check im- 

posed upon his proclivities ; I do not say upon the contradic- 

tion imposed upon his proclivities. 

Inverts of the same grade do not often meet and they do 

not always love each other. Our invert has probably either 

loved only inferior inverts and now he has the same disgust for 

them which a frivolous and disreputable woman inspires in a 

sober and upright man, or else he has loved heterosexuals who 

were more or less attractive, weak and interested. In all cases 

his experience has not been very happy. If he has made con- 

quest of heterosexuals of good character his victory has been 

difficult and of rather short duration, (if he has committed the 

fault—for him—of falling in love with a woman, it has not been 

for long), and he sees that sexuality cannot be the goal of ex- 

istence for a superior person whether homosexual or hetero- 

sexual. 

The great men claimed for homosexuality have been great 

only because they have not allowed themselves to be overmas- 

teréd by their sexuality. The grand inverts have been grand in 

spite of their inversion or because they raised themselves above 

it and so above humanity. The man without family, without 

wife, without children, who is kept by continence or. by chastity 

from so many annoyances, vexations and falsehoods and whose 

heart is not barren and withered, may be a Michael Angelo or 

a Newton. (Newton is classed here only for his chastity). The 

list of historic inverts given by Moll might be indefinitely in- 

4? 
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creased ; it might also be revised. It does not contain, for in- 

stance the great Condé, the victor of Rocroy, and Moll cites 

many debauched and feeble princes. 

Greece—but if the superior invert truly fathoms the his- 

tory of homosexuality in Greece, he will recognize that the in- 

vert there was scarcely more fortunate than in Europe at pres- 

ent. The young man well born had to protect his honor and 

his reputation like a virgin of our day. The young men of to- 

day have more liberty than the young Greeks and they would 

find it intolerable to conduct themselves with such circumspec- 

tion. Greece was not the paradise of the inverts. Far from it. 

Among exotic peoples whether north or south (for climate has 

no influence upon homosexuality, as is claimed), among the Es- 

quimaux, the Annamites, or the Mexicans before the conquest, 

the inverts could perhaps satisfy their inclinations; but they 

perhaps also had to register in a class apart (as we see it among 

many peoples), having certain privileges and a paradoxical con- 

sideration. 

The superior invert has no right to think himself born out 

of his epoch or his country. Even the Orient of today where 

pederasty is practiced without difficulty would not offer him the 

intellectual pleasures to which he is accustomed, music, the 

theater, etc., etc. He will see with a smile that most of the 

new Greeks would have been considered too sickly or too 

greatly malformed to be reared by the Spartans. He will see 

with more or less courage that the satisfaction of the sexual 

appetite cannot be the szze gua non of existence to a modern 

man, to a civilized man. Civilized man has enough other neces- 

sities ; and when we speak of the injustice of fate and of so- 

ciety, when we ask for a different method of treating the inverts, 

why not think of other recognized and admitted injustices? 

For example, a young man, heterosexual, poor, hard worked, 

not able to marry and disdaining low and repulsive women, not 

having the means to give a more attractive woman that which 

she expects, neither able nor willing to be the paramour of a 

venal or wealthy woman, and not desirous of availing himself of 

adultery with all which that involves,—this man, from the sex- 
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ual standpoint has as much to complain of as the invert. Their 

situations greatly resemble each other. The best they can do 

and the most that is possible is to set aside their vanity and to 

say to themselves that the sexual act should not be the pivot of 

their existence. I say their vanity, for vanity and envy some- 

times derange a man sexually and the idea that others have 

pleasures which he would like to have is a most powerful 

tempter. Krafft-Ebbing is the representative of those who 

claim justice for the invert, and I ask nothing better; but it 

ought to be emphasized that his demand has as its basis the 

theory that every man hasa right to sexual satisfaction. If one 

grants the right to heterosexuals, I do not see how it can be re- 

fused to the inverts; especially as the refusal to them in no 

respect changes the condition of things. But in my opinion 

every man has not the right to lay claim to the sexual satisfaction 

of his desires. The same moral law which forbids the hetero- 

sexual who is epileptic or phthiscial or attainted with any trans- 

missible disease whatever from perpetuating his scourge and 

transmitting it, this same law forbids the invert from yielding 

to his propensities. 

The corrupter, man or woman, is the one who seduces an- 

other, whether man or woman; he is one who diminishes the 

sum of purity or chastity in the world. The corrupter ought 

to be condemned. The infamous, abject being who lives upon 

the vices of other and encourages them, a source of moral and 

physical peril; the being who extorts hush-money after having 

aided in the debauch, ought to be suppressed by the most severe 

measures possible. 

The inverts in their biographies often say that they did not 

- understand the cause their inversion. They have been in love 

with their friends, they were perhaps loved sexually, etc. ; then 

they had relations with women and little by little discovered 

that it was not a man whom they had loved, but mankind, that 

it was not ignorance which had kept them away from women, 

that their feeble attraction for women was not an accident, etc., 

but that they had always been uranists or inverts. Then they 

loved with terror, ardor and enthusiasm some soldier or other, 
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no matter whom, they struggled against their propensities per- 

haps, then they abandoned themselves to them. 

All those who have read the works devoted especially to 

inversion will recognize the histories to which I allude. It 

seems to me that we ought not to lay too much weight upon 

these autobiographies nor to attach too much importance to 

them. If one were to collect the autobiographies of adulterous 

women, he would be struck with the resemblance,—the same 

logic, the same lack of logic, the same fierce egotism, the same 

remorse, the same apologies. And yet scholars do not.ask us 

to exculpate and pity adulterous women from the fact that they 

are adulterous. 

So I protest that we should not make a practice of pitying 

the inverts as inverts. The enthusiastic uranists do not wish to 

change. With whom should they? The true homosexuals, 

those who have the passion of similarity, if they were women 

would love women; so also the true homosexual if he were a 

man would love a man. Let us pity humanity asa whole if 

we wish; let us pity it bitterly if we have no religion ;—but let 

us not pick out the inverts for the our utmost pity. I cannot 

repeat this admonition too often. The abject or enthusiastic 

inverts do not think that they are by any means to be 

pitied. The superior inverts are no more to be pitied 

than superior heterosexuals. As for the inverts who moan 

and lament and who beset writers with their stories, they are 

usually persons who would have moaned and lamented if they 

had been heterosexual. No one finds easily a person of the 

opposite sex who satisfies at the same time sex, the soul and so- 

ciety and the family. Why shonld the invert have that which 

the heterosexual finds with so great difficulty? How many 

heterosexuols are unhappy by reason of their sexual life ? 

Syphilis, nervous disorders, disrepute, the dissolution of many 

bonds, as well as many other things, pursue the heterosexual 

who is unfortunate or devoid of character. 

The individual who is neither chaste nor sober nor vigor- 

ous nor reasonable nor very courageous nor very enlightened nor 

very pious is always to be pitied whether he be invert or hetero- 
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sexual. The inversion of the great inverts may always be par- 

doned ; it does not hinder them from being themselves, from 

accomplishing their work in the work. Do we believe that 

Plato, Walt Whitman, Michael Angelo, the Great Condé, 

Winckelmann and the host of others deserve or desire pity for 

their homosexuality ? 

Great men are great by reason of what they are, in spite 

of all the infirmities and the abcidents of this life. Men of 

genius, whether homosexual, heterosexual or indifferent, make 

it very plain that men are not to be classified according to their 

sexual bent, but for other considerations of a different order. 

If great men and men of large heart and lofty spirit find them- 

selves outside the pale of the pity which people like to organize 

for the aid of inverts, ordinary men who are uranists and who 

are sick, degenerate, unbalanced, weakly, unfortunate, hypo- 

crites, ought to be judged like the sick, the unfortunate, the 

feeble or the craven—but why excite our sympathy for them? 

Read carefully their autobiographies and tell me frankly and hon- 

estly, would they have been worth any more, would they have 

been more happy, more virtuous, if they had been heterosexual 

and as prone to sexuality ? 

As for prostitutes, extortioners of hush-money, adven- 

turers, let us be just; but not indulgent! I speak of prosti- 

tutes of all degress of the social hierarchy. Even those who 

gladly sell-themselves and who love their business and their 

keeper are given over to the extortion of hush-money and theft. 

The man of the world who resorts to one of them knows what 

threatens him and hardly deserves the pity that would gladly be 

given him if one considered the consequences only of his folly. 

The hypocrites or the cynical debauchees who try to de- 

prave or who do deprave children, young boys or very young 

men are treated by public opinion with commendable justice and 

contempt. TZ/zs severity and this contempt ought not to be adimin- 

ished. The inverts often share this contempt and some of them 

avoid each other and criticize each other and spurn each other. 

This is less from sexual inappetence, I think, than because they 

understand each other and despise each other too much. 
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The effeminate inverts sometimes are like heterosexual 

women and are not attracted to each other sexually, but love 

each other with affectation and feminine caresses. It should be 

emphasized that the invert who is satisfied, satiated and fearless 

chooses the one or ones whom he prefers. He has lovers and 

friends. He may have for his friends short caprices or tempo- 

rary connections, but they are not very often of any con- 

sequence. 

There are some inverted collectors, like the heterosexual 

collectors, who havea passion for ‘‘recognizing’’ the greatest 

number of inverts possible. The uranistic physician consulted by 

Krafft-Ebbing boasted of having known 600 uranists. This . 

figure will not astonish any one familiar with the number of de- 

bauchees of the world who seek each other out, and with the 

number of weak men who yield sometimes from curiosity, from 

impulse, from cupidity, from memory of childhood, from au- 

thority or from difference of age or rank. 

Inverts have no illusions about each other, youth and the 

first ignorance once past; and those who have a passion for 

heterosexuals have it partly after the manner of women. 

Heterosexual men seem to them so superior, so sincere, so up- 

right, so brave, so strong, so frank, etc. They adore in them 

the virtues in which they find themselves lacking, not because 

of their inversion by any means, but because they are deceitful, 

cowards, liars, feeble and faithless. People without integrity, 

whether men or women, are normally strongly attracted by 

those who have this integrity, and I believe that it is the in- 

sincerity and meanness of the effeminate inverts (rather than 

their inversion) which impels them to the search for aman with- 

out deceit and subterfuge. 

The effeminate unbosom themselves to each ether freely, 

but this is only the flattery and politeness of women. There 

are some women homosexual and heterosexual at the same 

time. There are correspondingly effeminate men. There are 

some who are married and heads of families. They paint them-. 

selves as much as their wives or more. Thereare plenty of them. 

The less prosperous and more eager inverts will love the 
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man or the youth whom they can. It must not be forgotten 

that many men are not in a position to choose. They love the 

man who is most convenient, most adapted to their situation, 

most accessible. They cannot gratify their fancies. They do 

not like to become intimate with a man of the people or with a 

boy of their own class who is still young and they content 

themselves with the sexual intimacy within their reach, though 

longing for some one younger or older. Many of these more fav- 

ored inverts are not, then, more characteristic than those who 

can satisfy their caprice. One may find men and women, 

whose tendencies are heterosexual, of exactly the same kind. 

-Many heterosexuals have not the person or persons whom they 

would have preferred, and yet they are content or else they 

learn to abstain altogether. Many heterosexuals by virtue of 

that which we ironically call good fortune have utterly trans- 

formed, tainted, corrupted, themselves. They have vices anal- 

ogous to those of homosexuals without force of character. All 

seducers are alike. If people did not always stop at the super- 

ficial differences between man and woman, if they would look a 

little deeper, they would understand that the homosexual and 

the heterosexual are not very different. 

I am now ready to make this assertion which at the first 

blush may seem a little paradoxical: There zs no line of demar- 

cation between the heterosexual and the homosexual. 

Between the degraded homosexual and the low heterosex- 

ual there seems to be a sufficient distance, and yet they lie very 

close together. So also the homosexual of high worth and the 

heterosexual of equal rank come into very close relations and 

can hardly be distinguished. . The man who allows himself to 

be dominated by his sexuality and by that of others is sexual 

before he is uranistic or heterosexual. The man who is above 

his sexuality can without danger to himself or to others be 

either homosexual or heterosexual. 

It is not only the extremes which meet here. There are 

some heterosexuals (as is recognized by all writers on inversion) 

who are very effeminate, very affected. The heterosexual may 

even paint and prink and mince along and imitate the graces of 
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the woman, the voix fardée (to use the happy expression of the 

sixteenth century poet; see the third note) and the feminine 

motions. He may spend his time upon his toilette, upon his 

person, in gossip, small talk and slander, may be timid, without 

originality or opinions of his own, etc., and yet have sexual re- 

lations with women, neither having nor ever having had any oth- 

ers. I challenge the observer to show me a homosexual who 

does not correspond to a heterosexual. I undertake to find a 

heterosexual corresponding to every homosexual. 

Diderot explains homosexuality (if I remember correctly) 

by scarcity of women, thinness of blood, fear of infection. 

These causes are ingenious, but they are secondary. In the 

prisons, colleges and barracks the lack of women, together with 

the presence of males, encourages the uranist, tempts the heter- 

osexual whose principles are not impregnable and leads astray 

the indifferent, whose sexuality depends upon circumstances. 

If we were more familiar with the laws of heredity we might 

affirm that the children feel the effects of this encouraged, tempt- 

ed or errant homosexuality, but we do not know whether uran- 

ism alone is transmitted or whether acquired inversion is also 

transmitted. 

One thing is sure, but like everything concerned with her- 

edity it is a matter dificult of explanation, —there are some fam- 

ilies where inverts are numerous, where the father and the sons, 

the uncle and the nephews, or the brothers are conspicuous for 

their inversion. A noble English family has recently been rep- 

resented by two brothers (one of them married) in two of the 

most notorious unisexual scandals. The father has a totally 

different reputation. The scarcity of women does not satifac- 

torily explain uranism, though it may develop it; but how many 

men have passed through all these conditions without becoming 

homosexual, how many have been able to give up the madness 

caused by the desire for that ‘‘Y grec de chair” of which a 

novelist has eloquently spoken in an attack upon the military 

prison system (Birbi by G. Darien) and have returned to civili- 

zation as heterosexual as before ? 

We too often forget that (if we exept those whose impo- 
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tence or aversion has a psychical origin) heterosexual or homo- 

sexual acts do not determine heterosexuality: many persons 

from conscience, from circumstances, from vanity, from weak- 

ness, etc., give themselves up to or engage in acts which do 

not correspond to their true sexuality, their ordinary or normal 

sexuality. We ought not then to judge of the whole of a man’s 

sexual life by his isolated acts. Marriage, mistresses, and /a 

bonne fortune will now no longer be sufficient to restore the 

homosexual; they will scarcely avert suspicion. It is the same 

with paternity. 

Love of beauty acts homosexually only upon the uranist 

or the libertine or the rare visionary who is not enough of an 

artist to respect beauty. I think we can separate love from 

beauty. The uranists who should represent themselves as car- 

ried away by the love of beauty would be rather blasphemers 

or sophists. Beauty, so far as it is supreme beauty hardly car- 

ries with it any sexual excitement. It is, then, not beauty 

which excites them. It is more correct to say that certain uran- 

ists justify themselves after the mischief is done in their own 

eyes by the superiority of the lines of the masculine body over 

those of the feminine. The artistic or trained heterosexuals have 

no idea of this and they none the less remain heterosexual. If 

perfect and abstract beauty did excuse this madness of the senses, 

I should think that art would be sick indeed. Beauty inspires 

a certain respect in souls well-born. If love of beauty leads to 

inversion, it leads quite as much to heterosexuality, or rather it 

makes no difference which sexuality makes beauty one its at- 

tractions. 

Hereditary weaknesses lead wretched men to all kinds of 

baseness, all vices and all bad practices. How many hunch- 

backed, lean and sickly men adore large handsome women ? 

The fear of disease alas! only rarely restrains men; the 

circumstances must be very peculiar for a young man to allow 

himself to be controlled by this dread. I should rather think 

that in many cases this is an excuse, especially as some terrible 

diseases may be transmitted by homosexuals; cancer of the 

throat and palate, for example, cannot be rare among them. 
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If I say that there is no line of demarcation between the 

homosexual and the heterosexual I do not really contradict the 

title of these observations: Uranism, or congenital sexual inver- 

sion. To explain: some men are born uranists; they seem to 

be predestined for uranism from their earliest childhood. It 

seems to me that nothing can change or unsettle them. They 

have perhaps fostered this predilection of theirs, they have 

trained themselves up in it, and nothing can turn them from 

their path. Other men are born heterosexual. They are pre- 

destined to love women and nothing will prevent them, neither 

strict education nor the career which they enter. They have 

for inversion only the most profound disgust, the greatest ab- 

horrence. Other men (and I wonder if they are not as numer- 

ous as those in the preceding category) are born indifferent. 

They are found in all grades between absolute homosexuality 

and absolute heterosexuality. We should find complete psy- 

chic hemaphroditism, the man-woman, and several varieties of 

man-woman; there would be the man who is masculine with 

reference to men and to women, he who is so with reference to 

one sex (no matter which) and not to the other. There would 

be found all possibilities, all improbabilites. 

Education, moral and physical circumstances, friendships, 

the influences in operation, every occurrence, great or small, 

slowly determine the form the sexuality of the growing child 

will take. The childish affections are stamped with this sexual 

uncertainty. They show us, what we shall do wrong to forget 

later, that the affections may be powerful and yet pure. If 

nothing impedes the development of the child, if he is sur- 

rounded by persons who unconsciously guide him toward hetero- 

sexuality, he will become a man like the majority of men. On 

the other hand, if those who surround him in one way or an- 

other unconsciously direct him from heterosexuality by isolating 

him, by making him early familiar with all that may be said 

against women, by holding him down to too strict and rigorous 

conduct, he will incline more or less toward homosexuality fora 

longer or shorter time. Everything will depend or circum- 

stances. 
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Those who are indifferent, who may develop homosex- 

ually or heterosexually with almost equal ease, are often guided 

by the restrictions imposed upon them or by the liberty per- 

mitted them. If they find it impossible to form a union with a 

woman without irksomeness, restlessness or reproach, they will 

the more easily fall into homosexuality. If education (often 

ignorant of what it is doing and preparing for) and if the thou- 

sand chances and accidents of life act in so different ways on so 

many men, what shall we now say of absolute homosexuality, 

of uranism and of absolute heterosexuality? Shall we not 

change our point of view a little without giving up the notion of 

Uranism, or congenital sexual inversion? The uranists and 

the prococious and rabid heterosexuals have never had a chance. 

This is my theory. 

No one has any doubt about their tendencies or their des- 

tinies. No one has done anything to divert their sexuality. The 

attempt has been made perhaps, and that much too late, to 

subdue their sexuality, but what has been accomplished against 

homosexuality ? Nothing. 

The most precocious little heterosexual might be rendered 

psychically hermaphrodite by an education adapted to his case ; 

and the most inverted little uranist might also be rendered psy- 

chically hermaphrodite, that is to say, more like the hetero- 

sexual, if we knew how to train our children or those of others. 

The heterosexual child does not concern us here. What does 

concern us is to indicate, or to try to indicate, what education 

can do for a uranist. 

Before all, how, by what signs, is the uranist to be dis- 

tinguished? I would appeal to all those who have devoted 

themselves to the education of children or who have known 

uranistic children and beg them to recall the indices given by 

these children and by their parents. 

I have already spoken of the precocious modesty of the in- 

verts. This is a sign to be noted. Are the children ashamed 

in the presence of a man; do they hesitate to undress or to 

show their bodies in the presence of a man in order to satisfy 

even their most elementary needs ? 
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This is a sign not to be neglected. The prudence and ret- 

icence of children renders very difficult this important task. 

Precocious and exaggerated modesty cannot be the only sign of 

infantile uranism. But where shall we find what we are look- 

ing for? 

Uranists often relate that they loved the games of little 

girls; but many heterosexuals have played with dolls because 

they had good imaginations, and have done needlework because 

they had nimble fingers. Precocious vanity and a taste for 

finery should rather be feared. This ought always to be dis- 

couraged, though not in such a way as to make the more inter- 

esting that which is forbidden. All masquerading should be 

avoided, anything which would give the child the illusion of be- 

ing a little girl There are some parents who dress their little 

girls like the boys from stupidity and ignorance. Everything 

which accentuates or tends to confuse the notion of sex for the 

child is to be feared. I have often found—though I would not 

wish to be accused of making too wide a generalization—a 

uranistic brother with a sister more or less inverted, or a homo- 

sexual sister with a brother more or less suspected. I have 

many times been struck with this coincidence, but I do not 

know how to explain it. If the brother and the sister have 

been together during their infancy, one might attribute much to 

their reciprocal influence. The delicate and feminine brother 

would bring out all that was masculine and energetic in the sis- 

ter. She would get into the habit of protecting her brother 

and of supplying those qualities which he lacked. Those con- 

versant with the psychology of children will appreciate what I 

have just indicated. But after all there would have to be (in 

order to explain the kind of companion the one is for the other) 

in the case of both brother and sister a predisposition or a de- 

generation. 

Uranists are precocious and precocity ought always to be 

guarded and given the food of which it has need. Love of 

pretty things, of dress and of objects of art should make us 

watchful without leading us to discourage them. On the con- 

trary the predilection for the artistic has aided more than one 
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uranist to lead a possible or respectable existence; only this 

predilection should receive this most serious possible attention 

that it may not become a bent for mere amateurism. The uran- 

ists are often very superficial ; amateurs of all kinds are recruit- 

ed from them. 

Many of the arguments used in favor of women may be 

employed in favor of the inverts. _ If one speaks toa defender 

of women of their intellectual inferiority and lack of loyalty, he 

will say, they have never had a chance, they have never been 

taught any of these things. 

Well! since the invert is not burdened with maternity nor 

by all the vexations of the female sex, why not try to make 

him serve humanity? He has many defects and many vices in- 

born, but our civilization and our education do not and cannot 

improve his condition. 

The bees and the ants have workers who do not repro- 

duce. Is it possible, barely possible, to make some use of the 

uranists ? 

NOTE 1. 

Et pour combler leurs voeux, chacun d’eux tour a tour 

Fait l’action supreme, a la parfaite extase, 

—Tantot la coupe ou la bouche et tantot le vase, 

Dormez les amoureux! Tandis qu autour de vous 

Le monde inattentif aux choses délicates, 

Bruit ou git en somnolences scélérates, 

Sans meme, il est si bete! etre de vous jaloux. 

—Verlaine: Parallélement, Page 99. 

Lass Wang’ an Wange heir uns ruhn im Diistern, 

Und Brust an Brust gedrangt, und Hiift an Hiifte. 

Horch! wie es saiiselt in den alten Riistern : 

Durchschwarmt vielleicht ein Elfenchor die Liifte, 

Wolliistig weichen Brautgesang zu fliistern. 

Allein im Stillen véllig sich beglucken 

. 9 - .  wechsolseitig 

Umfassen sich mit ruhigem Gewissen ; 
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Um nichts Besorgniss hegen anderweitig, 

Und hoffen, nie was man gewann, zu missen, 

Dies Gliick ist mein, das macht mir keimer streitig. 

—Platen. 

NOTE 2. 

Doctor Dallemagne (Dégénérés et déséquilibrés, 1895) cites Moll and trans- 

lates him thus (page 505) : 

‘‘Les uranistes qte j’ai connus appartenaient aux professions les plus 

‘‘diverses. J’en sais qui sont avocats, médecins, théologiens, philologues, 

“‘commercants, officers, écrivains, acteurs, tapissiers, coiffeurs, et meme, étrange 

‘‘ironie, tailleurs pour dames. On comprend du reste pourquoi les uranistes 

‘‘affectent le métier de tailleur pour dames, ils y remportent de nombreux 

““succes dus a leur voix de fausset et 4 la grace avec laquelle ils exécutent les 

‘*mouvements feminins.”’ 

Doctor Dallemagne finds this explanation far-fetched. The making of 

breeches he says jocosely, would be more intelligible. Is he ignorant (that 

seems impossible) of the passion of many effeminate persons for the feminine 

toilette? The tailors for women probably imagine themselves wearing their 

own Creations and turning the heads of all the males. 

On page 507 Doctor Dallemagne, who treats the inverts as if they were 

savages newly imported and never before seen in Europe and who cites the very 

interesting, sober and estimable work of Moll as he would cite an explorer, says 

‘“Vous savez que la dénomination d’uraniste contient a la fois l’agent actif et 

‘agent passif. Mais, en réalité, le véritable uraniste est l’actif: le passif est 

‘“‘rarement un inverti et dans ce dernier cas il intervient par complaisance 

*¢plutot que par vocation, a charge de revanche si yous voulez. Le passif est 

‘‘parfois un mercenaire, mais cette circonstance constitue, parait-il, une réele 

‘“* exception.” 

I think that those who read these fine-spun phrases from a weighty volume 

of 658 pages will pardon in me some expressions approaching conceit. If men 

of science collect details so erroneous, if they are so ignorant of what every 

psychologist might know, of what classical antiquity already knew so well, my 

criticisms and self assertion will be pardoned. It is inconceivable that any 

one has read the principal works upon inversion and is ignorant of the passion 

of many uranists for passivity, a passion which impels them to the acts so often 

expressed in Latin. 

NOTE 3. 

The literary citations of the writers upon inversion have so little variety 

that the reader will perhaps allow me to present the following sonnet. I find it 

in the journal,of Henry III by Pierre de l’Etoile and it forms a part of a col- 

lection of poems and satirical works published against the king and his favor- 

ites in 1577, 1578 and 1579. 
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Je me ris quand je vois de ces jeunes guerriers, 

Marchans au petit pas, la facon effrontée, 

Qui d’un brave discours et d’une voix fardée, 

Desfont un escadron de mille pistoliers. 

Je me ris, quand je vois ces rudes chevaliers 

Et tous les Adonis de la belle chambrée 

Se promettre l’honneur de conduire l’armée 

Ou bien un régiment de chevaux—leégers. 

Mais je rirai bien plus, quand, venant aux effets. 

Je les verrai souvent ou battus ou desfaits 

Revenant au logis plus. doux que des pucelles. 

Alors je leur dirai: Mes mignons de la Cour, 

Retournez a Paris, qu’on vous face l’amour, 

Frizants vos beaux cheveux comme des damoisselles. 

The epigram by St. Eustace upon a young coxcomb will not be out of place 

here. 

Peu de jours a, qu’en ceste ville 

Un jeune mignon, bien pégné, 

Bien fardé bien goldronné, 

Espouscit une jeune fille. 

Le vicaire, homme fort gaillard 

Leur dit, Vous avez tant de fard, 

Vous avez tant de passefillons, 

Les cheveux si crespus et blonds 

Que je ne scay pas d’entre vous 

L aquelle est l’espouse ou l’espoux. 

24 Juillet 1576. 

I am enabled by the kindness of a poet to present a translation of the two 

French poems : 

I laugh to see these pretty warriors, 

Their dainty gait and air of insolence, 

With painted speech who make such brave pretence 

To put to flight a company of horse. 

I laugh to!hear these,hardy_men discourse, 

Adonises of the’mess-room, yearn get hence 

To action ; and their martial wrath incense; 

Lead regiments—light cavalry of course. 

I shall laugh more when having come to deeds, 

I see the broken and disheveled heads 
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Come back, as modestly as little girls’. 

Then I shall say: My courtly gentlemen, 

Back to your Paris, to be loved again ; 

Sweet damsels, run get crimped your pretty curls. 

Here in this town, not many days agone, 

A pretty minion, faultlessly attired, 

Whose paint, whose starch left naught to be desired, 

For greater grace put matrimony on. 

Come to the vicar, then, the spirited saint 

Says to the couple: You have so much paint, 

You have such equal wealth of furbelows, 

Your curls lie blond in such identic rows, 

I count on your assistance to decide 

Which lady is the man and which the bride. 

NOTE 4. 

I ask the indulgence of my readers. I offer them only some observations 

and some recommendations. This would be impertinent on my part if uranism 

did not call for a new investigation and (aside from some brilliant exceptions) a 

broader and more intelligent point of view. I hope, if the preceding pages 

have had the good fortune of interesting any readers, to develop the ideas 

which I have outlined. 

TRANSLATOR’s NoTE.—The American reader will notice that the social con- 

ditions upon which this paper is based are those of Europe and differ widely 

from those of this country. The more strict stratification of society, the greater 

density of population, the requirements of military service and many other 

causes may operate in the European countries to foster forms of vice with which 

we with our more sparse population and different social organization may be as 

yet little familiar, at least so far as concerns our native-born population. To 

the present writer it would seem that the dangers to be guarded against in this 

country at present centre not so much about the preventitive education of pos- 

sible uranistic children as about the prevention of those social conditions which 

encourage the spread of these and similar vices. With the massing of our pop- 

ulation, especially the foreign element, in great cities, these dangers will assume 

greater and greater importance. 
The translator desires to express his grateful acknowledgement of valuable — 

assistance rendered by Professor G. F. McKibben in revising the translation. 

C. JuDsON HERRICK, 



THE HISTOGENESIS OF THE CEREBELLUM 

By C. L. HErricx. 

We are impelled by a recent paper from Dr. Schaper to re- 

view the utterances of this journal respecting the cerebellum. 

In the article referred to' several of these publications are re- 

ferred to but are dismissed with the remark, which is made to 

apply to all previous work, ‘‘Ihre Resultate jedoch erheben 

sich kaum wber Vermuthungen.”’ Welcoming as we do the 

circumstantial confimation of our own investigation we can but 

feel that the positive results we had published and which rested 

on long and often-verified study merit a recognition they have 

not received from Schaper or other subsequent writers. Re- 

viewing Schaper’s work we find nothing new respecting the mor- 

phology of the organ until we reach the statement that the 

origin of its substance is not a thickening of the dorsal wall but 

the migration of elements from two lateral analags. But His 

has already shown that the cerebellum arises from the Fluigel- 

platten or lateral aspects, and the writer in 1891 gave a detailed 

account of the process in the rodents and has_ repeatedly veri- 

fied the process in other mammals and lower groups. Plate 

I of Vol. I of this journal illustrates the morphological rela- 

tions so fully that it has never seemed necessary to amplify the 

description. Pages 11-13 of this same volume give a descrip- 

tion of the way in which the dorson of the cerebellum (which 

is originally devoid of cells) receives contributions from the 

everted walls of the lateral recesses and the caudal margin. 

Of course it is not understood that such folds are mechanically 

produced but that the sequences of proliferation follow so 

as to accomplish a result which can only be thus imaged, Em- 

1A, ScHAPER. Die Morphologische und histologische Entwicklung des 

Kleinhirns der Teleostier. 1894. : 
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bryological literature is full of such usages and no confusion 

was anticipated therefrom, though it has resulted in the case of 

some reviewers untrained in embryology. On p. 669 of 

Schaper’s paper we read that ‘‘in der Deckplatte der Median- 

furche und in den Begrenzungsgebieten der beiden Ressus lat- 

erales wir drei Orte vor uns haben, von denen nunmehr das 

neue Material zur weiteren Entwicklung das Kleinhirns bezogen 

wird.”’ These statements are anticipated in the first number of 

this Journal and fully illustrated. Schaper then proceeds to dis- 

cuss the superficial cell layer of the cerebellum which, he says, 

‘‘findet sich, so veil wir wissen, nur im Kleinhirn.”’ He indeed 

says ‘‘I believe that my observations derived from faultless 

preparations warrant me in supporting Herrick’s theory and to 

extend it by adding that, in fishes at least, the ‘ Deckplaite der 

Medianfurche’ participates in this process, a fact which seems 

to acquire special significance from considerations to be men- 

tioned later.’’ The descriptions and figures given in the article 

referred to and subsequently will show that this locus was es- 

pecially recognized by us as a source of proliferation. Thus 

on p. 13, ‘‘While in this case [black snake] the organ 

does not undergo reflection but remains a leaf-like organ, longi- 

tudinal sections indicate that proliferation is most rapid near the 

tip, and a dense clustre of cells is pushed dorsad and cephalad 

upon the dorsal surface.”” Respecting the source of the ele- 

ments the same passage continues ‘‘ There is every reason to 

conclude from these sections that the cells of Purkinje likewise 

spring from near the ventricular border. At the tip and lateral 

margins, the layer of these in the embryo comes in contact with 

the epithelium, and the cells which are obviously multiplying 

rapidly, either spring from the epithelium by subdivision of its 

undifferentiated cells or the multiplication of special germination 

cells. The neuroblasts at first become spindle-shaped and give 

rise to a process which passes cephalad. Nearer the base the 

layer of Purkinje cells is represented by a thick nucleary zone 

from the epithelium. At the very base, however, there isa 

superficial dorsal cell-aggregate which likewise seems to have its 

origin in the epithelium of the ventricle.” On the ninth page 
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the origin of the superficial layer is described. ‘‘ This remark- 

able assemblage of superficial cells with dividing nuclei, karyo- 

kinetic figures and other evidences of proliferation may be read- 

ily seen in the cerebellum of old embryos of the guinea-pig. 

We observe that in an older embryo a much larger por- 

tion of the dorsal surface has been thus covered, and evidently 

from behind forward. A transverse section of the cerebellum 

near its base in a mouse embryo of a little older stage, shows 

that the entire surface has now been covered by the prolifer- 

ating zone, but that it is curiously double, with a layer of white 

fibres separating the two zones. It is also observed that the 

walls of the nerve tube at the recessus lateralis of the fourth 

ventricle are very thin, and consist of rapidly proliferating and 

hence closely-packed cells which pass from the ental to the 

ectal surface. This section suggests that possibly the lateral 

and caudal portions of the ventricular surface of the cerebellum 

may be the sources of the proliferating superficial layer of the 

dorson.”” The form of this statement may have led Schaper 

to speak of our statements as ‘‘ Vermuthungen”’ but the arti- 

cle goes on to afford proof that this ‘‘ suggestion is valid’”’ by 

a study of the origin of the recessus lateralis. On p. 12 we 

have ‘‘From either side there extends a curious upward fold 

containing a cavity. The source of the growth is evidently the 

walls of the cavity as witness the numerous cells clustred at that 

point.”’ ‘It will be noticed also that the entire dorsal portion 

of the organ is affected by this overlapping growth from behind 

and the sides, so that a groove is formed on either side of the 

meson, dorsally.” ‘‘ Fig. 7 well exhibits the extent to which 

the gray matter of the dorso-lateral aspect of the medulla is 

derived from the epithelium of the recessus lateralis.” One 

word also respecting the idea that the cerebellum is peculiar in 

the possession of a transitory superficial proliferating zone. 

Fig. 4 of Plate II of Vol. I of this Journal was drawn. to call 

attention to the development of a proliferating zone in the cere- 

brum. Though this zone is not strictly superficial it neverthe- 

less corresponds to the layer in question and is a centre of mi- 
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gration. Similar stages have been observed in other parts of the 

brain, as in the optic lobes. 

A more detailed account of the fate of the superficial layer 

is given in the supplement to Wood’s Reference Handbook of 

the Medical Sciences. From the article on Histogenesis of the 

Nervous System, (p. 692) we quote the following paragraph: 

‘‘The ectal portions of the massive organs, especially the cere- 

brum and cerebellum, become somewhat rapidly clothed with a 

dense mass of granules which subsequently disappear (Fig. 496). 

Professor His suggests that these are white blood-corpucles 

which, after wandering from the sinuses surrounding the organ, 

make a temporary halt near the surface before passing through- 

out the substance of both gray and white matter. The period 

at which they appear in the human embryo is about the end of 

the second month. While not doubting the existence of ame- 

boid cells, as above described, the writer has suggested other 

sources for part of these cells. It will be noted that the per- 

ipheral zone of cells arises only after direct communication with 

the ventricles has been cut off by interpolated white matter. 

Subsequently the number of granules (e. g., beneath the Pur- 

kinje layer in the cerebellum) rapidly increases. Their source 

can only be the peripheral collection of granules. Fig. 496 

shows that, at this stage, there is often rapid multiplication go- 

ing on within that layer. Careful study has not revealed any 

other source for these proliferating granules than diverticles of 

the epithelium, from which migration in this more round-about 

way is kept up. It is a familiar fact that the earlier granules 

are derived from the proliferating neuroblasts of the ventricular 

surface: it is inherently improbable that the subsequent ones 

should spring from as distinct a source as the pia or its vessels. 

The peripheral proliferating layer soon disappears by the migra- 

tion of its elements toward the ventricle.” 

One statement made by Schaper (p. 693) is in our belief 

inapplicable to fishes or at least is not universal. He says, 

‘* Das urspriingliche ‘embryonale stitzgertist’ geht bis auf die zu 

eigentlichen ependymzellen sich wandelnden elemente mit aller 

warscheinlichkeit frizeitig zu Grunde.”” We have shown that 
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in fishes and reptiles the original spongioblastic skeleton persists 

and may be easily made out in properly prepared sections of 

the optic tectum and other regions extending from ectal to ental 

surfaces. Moreover the much-mooted ‘‘ gelatinous tracts” are 

frequently but the elongated fibre-like connections between the 

two free surfaces which have been separated by the distortions 

due to growth. Compare Plate XXVIII, Figs. 1 and 7 in 

Festschrift f. Leuckart, and discussion on p. 45-46 of this Jour- 

nal for May, 1892. Inan article in the Denzson Quarterly, re- 

published in this journal for Dec., 1892, pp. 141-142, the or- 

igin of the cerebellar elements from proliferations of epithelial 

origin is again described. On p. 86 of the June number for 

1893, is a discussion of the primary or transitory layer in the 

cerebrum. See also Anatomischer Anzeiger, VII, 13, 14. 

Dr. Schaper deserves great praise for his thorough study of the 

subject and it in no way detracts from the merit of his work to 

call attention to the fact that he does not stand alone in his po- 

sitions. 



THE MAMMALIAN CEREBELLUM. 

By Bert BRENETTE StTROuD, B.S. 

Part I. The development of the Cerebellum in Man and the Cat.’ 

Introduction. 

In 1891 the writer prepared a baccalaureate thesis on the 

Flocculus. The present investigation was begun as an effort to 

determine (1) whether the flocculus occurs in all mammals and 

(2) what are its anatomy, histology and functions. It soon ap- 

peared, however, that these questions are part of a more com- 

prehensive problem as to the constitution of the entire cere- 

bellum. 
Acknowledgements. —This thesis has been prepared in the 

Anatomical Laboratory of Cornell University. It is with the 

greatest pleasure that I acknowledge my indebtedness to Pro- 

fessor B. G. Wilder for permission to examine all of his prepar- 

ations and for criticism, counsel and encouragement. 

I am indebted also to Professor S. H. Gage and Instructor 

P. A. Fish for advice as to methods, photographing specimens, 

etc. ; to Mrs. S. H. Gage for suggestions as to drawings and for 

permission to examine sections of embryo kittens’ brains; and 

to Dr. H. B. Besemer and other medical friends for valuable 

material. 

1Part I was presented to the Faculty of Cornell University as a thesis for 

the degree of Doctor of Science, May 1, 1895. The remaining parts (Compar- 

ative Anatomy, Histology and Function) will be published as soon as circum- 

stances permit. 
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List oF BRAINS EXAMINED. 

Notr.—The following list, while incomplete, will indicate 

approximately the nature of the material upon which the writer 

has based his conclusions. 

The accession numbers are the serial numbers on the 

Accession Book of the Museum of Vertebrate Zoology of Cor- 

nell University. 

It is unnecessary to more than mention the brains of the 

cat, dog, and sheep ; the laboratory is well supplied with them. 

Embryo brains of man and the cat are enumerated in the 

descriptions of plates. A list of the adult human material 

studied will be given in Part II. 

aoe Sex. Age. Groups. 

SUB-CLASS I. PROTOTHERIA. 

ORDER I. MONOTREMATA. 

66| Male Echidna aculeata, spiny anteater. 
76| Male Ornithorhynchus anatinus, duck-bill. 

SUB-CLASS II. METATHERIA. 

ORDER II. MARSUPIALIA. 

3559| Female Didelphys virginiana, common opossum. 
712| Female “ & . “ “s 
67|Male_ |Fcetal “ “< “< “ 

Twelve or fifteen specimens were available. 
1331|Male Macropus giganteus, giant kangaroo. 
378 6s 66 6“ Ge 

108] Male LHypsiprymnus moschatus, kangaroo-rat. 

SUB-CLASS III. EUTHERIA. 

ORDER III. EDENTATA. 

126 Adult Bradypus tridactylus, three-toed sloth. 

3220!Male {Adult Tatusia septemcincta, seven-banded armadillo. 

ORDER IV. SIRENIA. 

844|Male |Adult Manatus americanus, American manatee. 

ORDER V. CETACEA. 

-670) Female Globtocephalus metas, black-fish, pilot whale. 

ORDER V. UNGULATA. 

2177| Male Camelus bactrianus, Bactrian camel, 

692 Foetus a6 es i ss 
2122|Male j|atterm. Camelus dromedarius, dromedary. 
961| Male Cervulus elaphus, red deer. 
1207 Juv. 6é 6c ce fawn. 

776 Cariacus dama, fallow deer. . 
2679 Oves artes, common sheep. 
195 Fetus oe ee ce 
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Acn 

No. 

2125] Male 
2126! Male 
2262 
3078| Male 
2776 
3371 Foetus 

2259 
2127 

372 
2763 
3365 Foetus 
2123 
3362) Female| Adult 
3364 
2657 
2729 

AI1I|Female 
487) Male 

3075)Female! Adult 
269 

2006 
2202 
2938! Female 
3370) Male 

3352 
3353 
2997 
2960 
3357 Adult 

3367| Male 
737|Female 

3121 

218§1|Female 

144/Male 

3369| Female 
2124|Male 
2937|Male 
1803|Male 
175|Male 

2919/Male 
163|}Male 

146/Female|8mo. 
151j)Male |48hr. 
157|Female|22da, 

Sex. Age.’ 
ee 

——_ 

Groups. 

Liguus caballus, domestic horse. 
oe ce ce oe 

ce ce “ec oe 

ce a3 73 ce 

Lgquus asinus, burro. 

Sus scrofa, domestic pig. 

ce ce ce ce 

Tapirus malayanus, Malayan tapir. 
Bos taurus, domestic cow. 

“ec ce a4 ce 

ORDER VII. ToxoponrTta. 

No specimens. 

OrDER VIII. Hyracorpeka. 

No specimens. 

ORDER IX. RODENTIA. 

Arctonys monax, woodchuck, marmot. 

Castor fiber, American beaver. 
Cynomys ludovictanus, prairie dog, 

Liber sibethicus, muskrat. 

Lepus cuniculus, rabbit. 

Mis decumanus, brown rat. 
Mus musculus, domestic mouse. 
Sciurus hudsonius, red squirrel. 

Scturoplerus volucella, flying squirrel. 

ORDER X. PROBOSCIDIA. 

Elephas indicus, Indian elephant. 

ORDER XI. CARNIVORA, 

Canis aureus, Indian jackal. 
‘« dingo, dingo. 
«¢  latrans, coyote, prairie wolf. 
‘¢  familiaris, domestic dog. 

Scotch shepherd. 

St. Bernard. 
Blood hound, 

and several other varieties. 

66 ce 

felis leo, African lion. 
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ig RSCG eee Groups. 

195 11 wk. Felts leopardus, \eopard. 

Pe : ae ee \ Felis concolor, puma. 

2945| Male canadensts, Canada lynx. 
277| Male “© (borealis) + rufus, common lynx. 
304| Male maculata, Texas lynx. 
783 Female| Juv. Felis pardalis, ocelot. 
263 ) 

F 
300) Hemale \ Felis domestica, domestic cat. 
452| Male 
752| Female | 

308 Female ] LHyaena striata, hyena. 
315 uv. 
770| Male 
158| Male 

3199|Male | Juv. 
2946| Female 
3131|Female| Adult 

Vulpes fulvus, red fox. 

Lutra canadensts, otter. 
2 Mal 
pie Mile Procyon lotor, raccoon. 

2822 ape Sy 
3361 Mephitis mephitica, skunk. 

| 
[ 
| 
J 

143| Female Nasua rufa, coaiti-mondi. 
3155|Female| ) . 

3156|Female| + 8da | 
3157|Female| ) L 

| 
Putorius vison, mink. 

3089} Male 

194 
196|Female ; j 
197|Male Putorius domestica, ferret. 

3368 Adult “vulgaris, weasel. 
170] Male eee « 
171| Male Phoca vitulina, seal. 

152|Female|1-2 yrs Ursus americanus, black bear. 

645| Male ‘© torguatus, Thibet bear. 

ORDER XII. INSECTIVORA. 

517|Female Blarina brevicauda, mole shrew. 

3356 Condylura cristata, star-nose mole. 

3°93 Galeopithecus volans, colugo, 

ORDER XIII. CHEIROPTERA. 

349 Alatapha noveboracensis, red bat. 
3164 Juv. ce ¢ “ce 

32359 Vespertilio subulatus, common brown bat. 

OrDER XIV. PRIMATES. 

A. Lemuroidea. 

22 Nycticebus tardigradus, \oris. 

3205 Tarstus spectrum, tarsius. 

571 Chiromys madagascarensis, aye-aye. 
B. Anthropoidea. 

Marmosets. 
664) Male Hapale jacchus. 

Be fo \ | Midas edipus. 

Marmoset. 3111|Female 
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ae Sex. | Age. Groups. 

Cebide. 
2911/Female Cebus apella. 9 ‘p 
se a Ateles melanochetr. 

3104|/Female Callithrix scturteus. 
Cercopithicide. 

oad es Cynocephalus anubis, baboon. 

2977|Female 
3327|Female Cynocephalus babuinm, common baboon. 
3215|Female 
2555|Female Cynocephalus sphynx. 
073|Female 

3°73 Macacus cynomologus, common macaque. 

2872| Male a erythraeus, 
3072| Male 
2998| Male 
3171|Female 
3068| Female 

Macacus nemtstrinus. 

2988|Male Macacus rhesus 
2888) Male 
3196|Male 
2873) Female 
2548 Juv. 
3082)Female 
265|Female|Juv. Anthropopithecus troglodytes, chimpanzee. 

Stmia satyrus, orang. 
| Ne I “———~ Ng ee Ne eed: 

A. Macroscopic methods. 

Having obtained an embryo, the first thing to do is to 

harden it. If the specimen is quite small simply immerse it in 

50 per cent. alcohol, one to three days ; in 67 per cent. alcohol, 

one to three days ; finally in from 75 per cent. to 80 per cent. 

alcohol, where it may remain indefinitely. The brain may be 

exposed at leisure. 

Dissection of Fresh Spectmens.—With older embryos where 

the cartilaginous skull is thick or has begun to ossify, the brain 

must be exposed at once or it will not harden well. This is a 

delicate and tedious operation for the young tissues are so soft 

that when an opening has been made through the skull, a slight 

pressure upon almost any part of the head will force a consid- 

erable portion of the brain out through the opening, which of 

course ruins the specimen. 

The method employed by the writer has been to wrap 

some absorbent cotton around the body of the embryo and 
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then place it in a cradle made from a piece of sheet lead bent 

in this way (aa The sides are bent together just enough to 

hold the specimen in place. 

The whole is then immersed in a solution of common salt, 

glycerine and water, or any other suitable liquid of a specific 

gravity such as will float the embryo. Then with fine for- 

ceps, scissors, and needles piece by piece, the skin and skull are 

removed. The pia should be removed after it has been in the 75 

per cent. alcohol for a day or two. 

The hardening fluid must not contain glycerine, for it 

shrinks the tissue; chromium salts make the brains too brit- 

tle. The writer prefers plain alcohol for hardening specimens 

to be used for gross preparations. 

Mounting for Museum Specimens.—A convenient support 

for small embryos is made from strips of basswood cut into suit- 

able pieces. These are first boiled in water to which has been 

added a little caustic potash solution, and then in water contain- 

ing a small amount of hydrochloric acid to remove all extract- 

ive and coloring matter. The blocks are further washed in 

water, dried, smoothed, coated with glue and finally painted 

with carbon drawing ink’ and dried. 

The blocks are weighted with lead. The specimen may 

be attached by means of small pins, preferably made of silver, 

or aluminum. 

Figuring.—The writer found great difficulty in obtaining 

correct outlines of embryonic brains. At first an attempt to 

photograph them was made. This method, while giving excel- 

lent results for large specimens, proved unsatisfactory for small 

ones. Outlines were made with the camera lucida and details 

added free hand, the specimen being kept in a vessel of alcohol 

all the time, whether it was to be photographed (Gage, 12) or 

drawn with the camera lucida. The object should be well 

lighted. 

1The use of basswood and carbon ink was suggested by Professor S. H. 

Gage. 
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B. Macroscopic methods. 

I. Morphology.—Where the specimen is too small to be 

readily handled, it can be examined much more easily if sec- 

tioned than in any other way. However one should have both 

a gross preparation and sections of the same stage of develop- 

ment whenever possible. A perfect idea can be obtained in no 

other way. Sections also should be cut in three different 

planes: (gz) Sagittalsections; (0) Transections; (c) Frontal 

sections. 

It may not be possible to obtain four specimens of the 

same stage, but transections and sagittal sections are almost in- 

dispensable. Where only one specimen is available, the writer 

has adopted the following method. First, cut sagittal sections 

till the meson is just passed, then remove the tissue from the 

block and fix it on again so as to cut the remainder of the tis- 

sue in transections. Figure 32, Pl. III is drawn from a section 

which illustrates this procedure. 

The fixing, hardening, imbedding, etc., should be the 

same, whether one wishes the sections for morphology or his- 

tology. If for the former, sections may be cut much thicker, 

from 40 microns to 120 microns, and should be stained only very 

lightly, the thickness of sections and amount of tissue cut 

noted so that one can make a wax model, if desired. Sections 

are cleared and mounted in balsam in the usual manner. 

2. Histology proper.—Tissue may be fixed and hardened 

after any of the approved methods. ‘The writer has used alco- 

hol and potassium dichromate; also 50 per cent. alcohol saturated 

with common salt two to four days, then alcohols as in A, with 

good results. Before fixing, the skull must be removed; but 

great care is needed to avoid tearing the delicate telas and other 

membranes. 

Imbedding.—TVhis must be very carefully and thoroughly 

done, or loss will be the inevitable result. After dehydrating, 

the tissue is placed in a mixture of equal parts of strong ether 

and 95 per cent, alcohol for two days; then into 2 percent. col- 

lodion for 2 to 3 days ; then into 6 per cent collodion for 4 to Io 
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days. This last infiltration with thick collodion is exceedingly 

important, for upon its thoroughness the usefulness of the speci- 

men depends. It is well to allow the collodion to become quite 

thick before the final imbedding. When the process has been 

carefully done it is an easy matter to cut even large sections 10 

microns thick. 

Tissue is imbedded by placing it in a small paper box and 

filling the box with thick collodion; the box is then placed in a 

jar of chloroform which hardens the collodion. The object is 

cleared and cut in the castor-thyme oil mixture: red oil of 

thyme, 3 parts; castor oil, 1 part.’ 

Staining sections.—Nearly all of the usual staining fluids 

gave good results. Of the hematoxylin stains Gage’s, Her- 

rick’s, and Mallory’s hematoxylin proved highly satisfactory. 

Forms selected.—Two forms have been chosen to illustrate 

the development of the mammalian cerebellum. 

1. The Cat, a fairly representative mammal, from which 

embryos of different ages may easily be obtained. 

2. Man whose brain is very highly specialized. An 

attempt has been made to determine in what the essential differ- 

ences and agreements consist. 

The cat was studied first, because its brain is less modified 

than that of man. 

Plates. —All the figures have been carefully drawn from 

nature by the writer from his own dissections. Of the gross 

preparations each one has been minutely examined by aid 

of alens and drawn at least twice; indeed some have been 

drawn several times. Detailed explanations will be given in 

the description of plates. 

Those relating to the cat, Plates I and II, were studied 

first and all except Figs. 1, 2, 3, and were 23 drawn from care- 

ful measurements. Figs. I, 2, 3, were outlined by the camera 

lucida and 23 was photographed. 

Plate III shows sections of embryo kittens’ cerebellums. 

1p. A. Fish. Anew clearer for collodionized objects. Proceedings of the 

American Microscopical Soctety, XV, pp. 56-89, 1893. 
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Plate IV shows sections of both kitten and human cerebellums. 

Plates V to VIII show gross preparations of embryonic human 

cerebellums. 

In the figures no attempt has been made to show parts 

other than those concerned in the subject of this paper; but 

to facilitate orientation the oblongata, the mesencephal, and in 

a few cases the cerebrum have been added in outline. 

Defects.—Material and time to trace every consecutive 

step in the development of the cerebellum are lacking ; but it is 

believed that the most important stages have been studied and 

discussed. The conclusions given are to be regarded as the 

writer’s interpretation of his available material and subject to 

such modifications as further research may require. 

Terminology. 

A careful study of the cerebellum in the different groups 

of mammals will convince even the most sceptical that the de- 

scriptions found in the present standard works on encephalic 

anatomy are inadequate for an exact comprehension of this 

important organ; z. ¢., the mammalian cerebellum does not fit 

the description. 

If we take a cerebellum from each of the fourteen orders 

of mammals, beginning with the monotremes and ending with 

the primates, at first sight one would say that they are as un- 

like as are cats from horses. But closer inspection shows that 

they all agree in certain fundamental characters. 

On the other hand it may be said that a given region 

which is very prominent in the cerebellums of animals belong- 

ing to one order may in another order be so reduced and over- 

shadowed by adjacent parts as to be altogether overlooked. 

It may not be clear at first but my investigations have con- 

vinced me that there is oze fundamental plan for the cerebellum 

running throughout all mammalia, but that this plan is various- 

ly elaborated in the different orders. 

Therefore the writer ventures to suggest that our present 

conception of the cerebellum is incomplete. 

Perhaps the greatest cause for this misconception lies in the 
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fact that at first it was not thought worth while to study other 

than human brains. So the human condition was taken for the 

standard ; and when the brains of the lower mammals came to 

be studied they were warped into an agreement with the 

assumed standard condition found in man. 

Now this is a serious error. For the human cerebellum 

represents a highly specialized form. It is, in fact, a morpho- 

logical monstrosity and can in no sense be taken for the typical 

mammalian organ. The writer also believes that certain of the 

morphologically distinct regions have not been recognized, that 

parts of the same morphological integer have not been consid- 

ered as such, and that we have as yet no exact standard for com- 

parison. 

The writer’s idea is that the typical mammalian cerebellum 

would be a composite drawn from careful comparisons of the cere- 

bellums of all the different orders. Because,— 

1. The fundamental plan appears to be the same for all. 

2. A given region or feature may be excessively devel- 

oped in one order and almost obliterated in another order. 

Having thus briefly indicated a few reasons. why, in the 

writer's opinion, the present terminology of the cerebellum 

should be modified, it is only proper to state the opinions of 

some of the authorities on encephalic anatomy. 

More than twenty yeas ago Professor Wilder (34) remarked: 

‘«But the part most enveloped in obscurity, as to its de- 

velopment, its structure, its functions, its size, nay, its very ex- 

istence, is the cerebellum.”’ 

‘«The development of the brain is treated only as a divis- 

ion of embryology and as such is apt to be overlooked until af- 

ter the time when it might be most useful in aiding the compre- 

hension of the organ.’”’—Idem (35, 142). 

‘‘Usually the adult human brain is the first and only ob- 

ject of examination and is taken as the standard of comparison ; 

if animal brains are studied at all they are often taken as they 

come, or as anatomical rarities, not selected in accordance with 

a principle which might indicate the probable degree of their use- 

fulness. The comprehension of the macroscopic morphology of 
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the brain involves the removal of difficulties varying in kind and 

degree. These several categories of difficulties should be at- 

tacked separately and in the order of (1) their fundamental im- 

portance and (2) their simplicity.” —Idem (55, 145). 

A. Van Gehuchten says (32, p. 32): ‘‘Les sillons les 

plus profonds des deux faces du cervelet, ainsi qui les lobules 

qu’ ils délimitent, ontrecu des noms particuliers. Mais nos con- 

naissances de la structure et surtout des fonctions du cervelet 

sont encore si incomplétes que, dans l'état actuel de la science, 

cette division et cette nomenclature n’ont guére d’importance. ”’ 

Alfred Schaper (28, p. 493) thinks, from his investiga- 

tions of the brains of teleosts, that present statements con- 

cerning the development of the cerebellum are incorrect and 

that further investigations should be made. 

‘‘In descriptive anatomy an astounding variety of names 

are applied to the various parts of each lobe of the cerebellum; 

it would be an ‘essential gain if at least three fourths of these 

names could be discarded.’”’—Charles Sedgwick Minot (23, 674). 

To this the writer would add that, whatever the structure 

of the cerebellum may be, its terminology must be such that an 

accurate description of it can be written. 

And further, that numerous instances, in standard litera- 

ture, can be cited where descriptions and figures of brains are 

incorrect or incomplete, due in some cases, as remarked by 

B. G. Wilder (35) to,— 

1. ‘Injuries in removal,—by which the appendicular 

lobes, hypophysis, olfactory bulbs, have been torn off and left 

in the skull, telas and other delicate parts of the brain have 

been ruptured”’ so as to convey the impression of openings 

which did not exist in nature. 

2. Failure of the artist to comprehend morphological de- 

tails. Anatomical drawings to be useful, ought always to be 

made from carefully prepared specimens, by some one who has 

at leasta good working knowledge of the general anatomy of 

the parts concerned. 

“Tt (the cerebellum) must be considered as a compages 

having throughout, from centre to innermost recess, connection 
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and contiguity, forming such a wicker tissue as to present a 

labyrinthine and, to the anatomist, completely inexplicable knot, 

unless nature while living in this intricate abode teaches him to 

unravel her tissue in the same order in which she herself com- 

posed it.’,—Emanuel Swedenborg, 1744. 

‘‘Search after the fundamental lines in the structures of 

the brain is the present task of the brain anatomist. Once we 

have accomplished this, it will be easy to understand the com- 

plicated conditions present in the more highly organized brain.” 

—KEdinger (9, vi). 

‘“‘The key for understanding the complex brain must be 

sought in the study of its earliest embryonic stages.’’—Wilhelm 

His (16, 348). 

The examination of the adult cerebellum gives absolutely 

no conception of what the organ was like in its earlier develop- 

ment. The only way that it can be comprehended is to ‘‘see 

it grow.” 

The ectal appearance of the adult organ is that of an oval 

corrugated mass. The caudal aspect presents an appearance 

like that of a little hill in a valley between two high mountains. 

The cephalic aspect is more like that of a long hill in the mid- 

dle of a plain. The entire surface, plain, hills and mountains, 

is cut by a perplexing tangle of little ravines and deeper gorges, 

for the most part parallel, whose beginnings and endings are as 

bewildering as are the figures of the quadrille to the novice. 

A closer inspection shows that there are lobes separated 

by deep fissures, and that the lobes in turn are cut into a 

greater or less number of narrow folia by shallower fissures. 

These lobes have received special names, many of which are 

artificial and unscientific. i 
But the study of the adult organ can give no better knowl- 

edge than this. 

If, however, we begin with early embryos and trace the 

development of the cerebellum to its adult condition, many of 

the difficulties disappear. 

The writer believes this method to be the soundest one 

Ss lle a la 
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and that it should always be followed if we expect to gain an 

intelligent knowledge of the brain as a whole or in part. 

So far as we can judge from the study of two forms so 

widely separated as are man and the cat, it seems prob- 

able that the general structural plan is the same for all mam- 

mals. The question then arises, what is the difference between 

man’s cerebellum and that of other mammals ? 

If one had specimens from the whole mammalian series 

placed before him, it is true the first impression would be that 

there was little resemblance between them, least of all to man’s. 

A closer study and analysis discloses many features which do 

appear to be homologous. And I can positively say that so far 

as the embryos of cat and man are concerned the early stages are 

apparently identical. The same features and regions are present 

Both start from the same point; soon, however, modifications 

appear and the two rapidly diverge from each other. But in 

spite of all this, embryonic regions, whether they become al- 

most obliterated or hypertrophied beyond all proportion, do 

persist throughout the life of the individual. 

But to return to the question, how does man’s cerebellum 

differ from the others? I hold that it is simply a case of adffer- 

ence in degree of development. 

Intrinsic Terminology.—Unfortunately we possess no intrinsic 

terminology of the cerebellum. What effort has already been | 

made in that direction is mostly of a superficial and artificial 

character. The thing needed is a terminology which shall ap- 

ply equally well to the cerebellum of an opossum, a sheep, or 

man. Until this has been done, the cerebellums of different 

mammals can not be easily compared. 

The introduction of new terms, while undesirable, is a ne- 

cessity, because the present terminology is inadequate. 

There are distinct regions which, it is believed, have never be- 

fore been recognized. Wherever new terms occur they will be 

explained. In all possible cases terms already familiar have 

been retained. 

It seems to me that terms applied to parts of the cere- 

bellum ought not to be applied to structures of the cerebrum ; 
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e. g., the term peduncle, applied to the peduncles of the cere- 

bellum, has also been used in another sense to indicate bundles 

or tracts of fibers in both the cerebellum and the cerebrum, 

which latter use can not come under the original meaning of the 

term. Confusion would be avoided if those structures were 

designated by terms which should mean what they are, bundles 

or tracts of fibers. The needs of a progressive and scientific 

comparative neurology demand terms which are appropriate and 

not likely to be confounded. 

Principles of a Terminology. — 

Terms should mean something. 

They should be appropriate. 

They should be euphonious. 

hwnd They should be mononyms; z. ¢., single word terms. 

5. They should, when possible, indicate a definite idea of 

the morphologic or embryologic form or relation of the struc- 

tures designated. 

6. The same term should not be used to designate two 

different things either in the same brain segment or in different 

segments. 

Morphologically the foldings in the cerebellum are prob- 

ably homologous with those inthe cerebrum and the same state- 

ment is true for the fissures. But it does not seem advisable to 

employ the same term for those structures in two different brain | 

segments. Therefore we shall designate a fissure of the cere- 

bellum by the term sz/cus, as proposed by Wilder, and an adjoin- 

ing ridge by theterm folium. (137, p. 125.) 

Inconsistencies tn old terms.—Peduncles.—For the purpose 

of general and comparative morphology the writer would sug- 

gest that it would be best to restrict the term peduncle to the 

peduncles of the cerebellum, and to regard each peduncle as 

containing at least three great fiber tracts : viz., (1) the cephalic 

tract, (2) the ventral, or pontile tract, (3) the caudal tract. 

These are called by Wilder respectively prepeduncle, mediped- 

uncle, and postpeduncle. 

Vermis.—The term is both inappropriate, and ambiguous. 
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But it has taken so firm a root in the literature, that it might be 

unwise to discard it. It simply designates the mesal part of the 

cerebellum and is a secondary development. 

The vermis as it exists in the adult brain is not present in 

early embryos." See also Plate I, Figs. 8 and ro, Plate V, Fig. 

Ro, Plate VE Fie. 58. 

The writer fails to recognize it in his specimens till the 

other parts are quite far advanced in development. Compare 

Figs. 17, 20, 69, and 72. Considering the mode of develop- 

ment, the term /astzgzuwm would be more appropriate than 

vermis. 

Hemispheres, Lateral lobes. —The cerebellum is commonly 

described as consisting of three parts, a middle part, vermis, 

and two lateral parts, the so-called lateral lobes, or hemispheres. 

This, it is true, is the apparent condition in man, but we shall 

show later that it is not the real condition, for the parts which 

seem to be lateral are so because their excessive development 

has overshadowed and concealed parts which lie still farther 

laterad. This is clearly seen in the lower mammals. 

The mammalian cerebellum presents at least four distinct 

regions; viz., one mesal and three lateral regions. | 

1. The middle part (vermis). 

2. The pileum (hemisphere or lateral lobe). 

3. Paraflocculus (accessory flocculus). 

4.  Flocculus. 

These regions will be discussed farther on. 

Fitstorical. 

During the first quarter of this century an interest began 

to be manifested in the development of the cerebellum. The 

writings of one French and three German investigators upon 

this subject are recorded. 

The first work that I have found mentioned was in 1812, 

by Ios. et Car. Wenzel (33, 256). It is quoted by Burdach (3, 

1This was mentioned by Wilder (37, p. 125.) 
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419), who states that in a child three years old the ratio of the 

cerebellum to the cerebrum was 1: 6. 

In 1814 Ignaz Dollinger (8, Ig) stated that at the mid- 

dle of fetal life the cerebellum is proportionally the smallest, 

being to the cerebrum as I: 24, but that it rapidly increases 

till at one month after birth the ratio is 1:17, and in the 

adult it is 1:6. 

In 1815 Serres (29, 77-107) stated that in the human 

embryo the cerebellum does not appear until the seventh week 

of development, and in the fowl until the sixth day of incuba- 

tion. Healso says that the organ is formed in the following 

manner: two lamine spring from the crura of the cerebellum 

(Kleinhirnschenkeln) and come to rest against each other at the 

meson. Later they gradually grow together, after which new 

lamellae are added both cephalad and caudad, and transverse 

furrows appear and multiply. 

In 1816 Tiedemann (31,.'155) says, ‘‘At  thempeem 

ning of the second month a soft fluid substance occupies the 

place of the cerebellum. Later in the month two small thin 

plates arise from each side of the oblongata, along the fourth 

ventricle, turn inward and rest against each other, but do not 

unite till later. In the third month they have increased in size 

and represent the corpora restiformia, called peduncles by Willis 

and crura by other anatomists.”’ 

There follows a period of about forty-one years during 

which no attention appears to have been given to the subject. 

The next reference that I find isa work on the develop- 

ment of the brain by Krishaber (19), published in 1865; the 

next to a description of a fetal brain by Callender (5), in 1870. 

1874. His(14, 106) says, ‘‘ The cerebellum, in most or 

“ders of mammals is divided into a middle part (vermis) and two 

lateral pieces separated from it by a furrow. The vermis is 

formed from the mesal roof of the brain tube, z. ¢., out of such 

constituents as were present before the development of the 

lateral masses (hemispheres).”’ 

1876. Mihalkovics (22, 53) says, ‘‘The roof of the 

epencephal (Hinterhirndecke) forms an expanded lamella which 
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arches over the epiccele. At the right and left it bends over 

into the epccelian floor. Cephalad it is separated from the mes- 

occelian roof by a constriction, and becoming thinner caudad, 

merges into the metatela. From the caudal aspect, because of 

the wedge-like cephalic point of the metatela, this lamina looks 

like a pair of lateral plates. This plate may be called Kleinhirn- 

‘lamella, (lamina cerebelli) because it is the proton (Anlage) of 
the future cerebellum. The cerebellum is formed from this 

lamella in the following manner: the cephalic portion of this 

lamella thickens, while the caudal edge at the transition into 

the metatela becomes sharpened.” 

This thin margin bends ventrad and there results a plait- 

like folding in along the caudal edge of the ‘ Kleinhirnlamella.’ 

The cephalic, thickened part of this vausverse plait (or fold) is 

the proper proton (Anlage) of the cerebellum. The caudal 

is the ‘‘hinteres Marksegel,’ (velum medullare posticum, v. 

Tarini)’’ or what the writer calls kilos. From his own ob- 

servations the writer can not accept this view as to the develop- 

ment of the cerebellum. 

1877. Alix (1) published a paper on the fetal brain. 

1878. Kolliker (20, 537) says, ‘‘The cerebellum is de- 

veloped as a thickening of the cephalic part of the roof of the 

epencephal (Hinterhirn), which soon assumes the form of a trans- 

verse plate. From the lateral aspect it looks as though it bent 

around the epencephal (Hinterhirn).”’ 

1884. Wilder (35, 179; 37, 125) figures the cerebellum 

of a human embryo in which the lateral parts are massive, the 

mesal region is thin and presents a wide groove upon the dorsal 

surface. It is probably a little older than the embryos shown 

in Figs. 54,and 56, Pl. V. 

1890. Hertwig (18, 360) says, ‘‘ The wall of the fourth 

brain vesicle undergoes a considerable thickening in all of its 

parts, and surrounds its cavity in the form of a ring, differen- 

tiated into several regions. The floor furnishes the pons. From 

the lateral walls arise the pedunculi cerebelli ad pontem. But it ts 

the roof that grows to an extraordinary extent and gives to the cer- 

ebellum its characteristic stamp. At first it appears as a thin 
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transverse ridge which overhangs the thin attenuated roof of the 

medulla.” 

1891. Herrick (13, 5-14) describes his investigations upon 

the brains of rodents and certain reptiles. He obtains results 

which throw a new light upon the cerebellum and mark an epoch 

in the study of its histogenesis. He has discovered proliferat- 

ing regions in the epiccelian roof which apparently are identical © 

with the writer’s lateral protons. 

Professor Herrick makes a strong plea for the application 

of the comparative method to the study of neurologic prob- 

lems. To this argument, the writer joins his most hearty sup- 

port. 

1891. His (15) discusses the development in the human 

brain of the region from the isthmus to the myel, during the 

period from the end of the first to the beginning of the third 

month. He includes the entire region under one segment, the 

Rautenhirn, but does not deal especially with the cerebellum. 

1892. His (16, 373-375) gives a brief description of the 

development of the cerebellum. He says, ‘‘ The embryonic 

epencephal (Hinterhirn) appears as a conical tube of which a 

portion of the metatela (Rautenfeld) forms a part. Its caudal 

limit is at the pons flexure; its cephalic, if we first subtract the 

constituents of the isthmus, is at the isthmus flexure. Between 

the pons flexure and the isthmus flexure lies the dorsally con- 

vex ‘knee of the epencephal. The metatela narrows rapidly 

caudad from the knee, but a narrow extension of it whose edges 

are nearly parallel extends cephalad. The floor of the metepi- 

ceele (fourth ventricle) is formed from the ventral zone (Grund- 

platte), the cerebellum from the dorsal zone (Fligelplatte). Its 

hemispheres are formed in the higher vertebrates from the part 

of the dorsal zone lying caudad of the knee, the vermis from 

the part lying cephalad of it.” 

1893. Schafer (27, Vol. I, Part I; 66) says, ‘ Thesroan 

of the fourth ventricle inferiorly becomes greatly thinned and 

expanded. Superiorly the tube becomes gradually more con- 

tracted and the roof thicker. This thickening being the rudi- 

ment of the cerebellum and of the valve of Vieussens. In the 
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human embryo, the cerebellum is seen as early as the second 

month as a thin plate arching over the cephalic part of the met- 

epiccele (fourth ventricle). From this plate, which enlarges 

only gradually, is formed the middle lobe; later the lateral lobes 

grow out at the sides.”’ 

‘« The cerebellum consists of two lateral hemispheres joined 

together by a median portion called, from its peculiar appear- 

ance caused by the transverse furrows or ridges upon it, 

the worm or vermiform process, . . . . in mammals it is 

the first part to be developed and to be marked off into subdi- 

visions.’’ (Idem., Vol. III, Part I, p, 69.) Ishall show that 

the vermis is not the first part to be developed and marked off 

into subdivisions. 

1894. Schaper (28, 489) published an account of his ex- 

haustive investigations upon the development of the cerebellum 

in Teleosts. He confirmed Herrick’s discoveries and made fur- 

ther observations of great value. His work, and also that of 

Professor Herrick, will remain as landmarks in the history of the 

comparative development of the cerebellum. 

Having thus given a brief resumé of the opinions of the 

men who have made a special study of the development of the 

cerebellum during a period of nearly a century, I proceed to 

a consideration of the facts which lead me to differ from some 

of the views hitherto advanced. 

The Epencephal. 

Is the epencephal a distinct brain segment? This is a 

question which perhaps can not be settled at once.’ But the 

writer believes that, as has been stated by Wilder (36, 523), for 

the purposes of comparative and descriptive neurology it would 

be a great convenience to regard the epencephal as a distinct 

brain segment; hence some evidence will be given in support 

of that view. 

In order to reach a logical conclusion we must first decide 

what constitutes a brain segment. In the case of the primary 

1In this connection, see also Osborn (25, 490). 
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vesicles, obviously the tube is dilated in three places and con- 

tracted in two places. Then shall we say that a bending in of 

the walls, so as to constrict the caliber of the tube, is sufficient 

to demarcate asegment? Why do we not have just as much 

right to say that the opposite condition, or a bending out and 

consequent widening of the caliber, demarcates a segment? Or 

may not alsoa marked change in the character of the whole or 

of a part of the walls themselves serve to distinguish one 

segment from another? 

Now if, after development has progressed for a certain time, 

we carefully examine the third vesicle, we shall find that, — 

A. 1. The roof of the cephalic part is composed of sub- 

stantial nervous parietes. 

2. That later a part of this roof is clothed with a layer of 

ectocinerea. 

3. Ata point a little caudad of the caudal border of the 

substantial parietes of the roof is formed a bend (pons flexure) 

which involves the entire brain tube. The result of this _ 

flexure is the formation of a transverse groove which extends 

clear across the tube. The sidesare also forced out ecto-laterad 

in the form of a U-like fold which may be compared to the 

rolling collar which the tailor sometimes puts upon garments. 

As aresult of these changes it is obvious that the caliber of the 

tube is widened at this point. 

4. The substantial parietes are continuous only in the 

floor of the cavity. Compare Figs. 4, 5, Pl. I, and Figs. 4o, 

isos ta! ad enue fa 

5. The later growth in this part cephalad of the pons flex- 

ure is, (2) dorsad, (4) laterad, (c) ventrad. 

B. The part caudad of the flexure is distinguished from 

the part cephalad by the following characters: 

1. The roof isa thin membranous tela and remains so 

during the life of the individual. 

2. It never possesses any ectocinerea. 

3. It has no growth dorsad. 

4. Its growth is in a ventral and lateral direction only. 

From these facts it will appear that while these two re- 
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gions do constitute a single dilatation of brain tube, they are 

separated, in the embryo at least, by a flexure which involves 

the entire brain tube. In their essential characters they are as 

distinct from each other as is the myel from the cerebrum. 

Therefore it seems to me that the epencepha! constitutes a 

definitive segment of the brain, having a floor, roof and sides. 

The cephalic walls and roof are convex ectad, and concave 

entad. They may be compared to segments of a hollow sphere, 

as the skin of an orange. They are the dorso-meso-caudal 

extensions of the floor on each side whose meso-caudal borders 

are divaricated, but still united by the thinner deckplate. These 

semicircular plates are the Aleizhirnlamelle of Mihalkovics (22, 

53). But it is not probable that anything more than a compar- 

atively narrow strip of their caudal portions develops into the 

cerebellum. Compare Figs, 1, 4, 6,. Pll, and) Figs. 24a, Pl. 

Paz, Ply iV. 

It would appear that these caudal portions or protons are 

the corpora restiformia of Tiedemann (31). 

The embryonic epencephal may be described as a segment 

of the brain tube lying next caudad of the mesencephal. It 

begins at the isthmus and ends at the pons flexure. Consid- 

ered apart from the remainder of the brain it is a subcylindrical 

tube whose cephalic boundary is contracted at the isthmus and 

the caudal extremity is widened and rolls out something like 

the bell of a brass horn, with this difference, the rim extends 

only around the sides and roof. The floor is continuous with 

that of the metencephal, but is demarcated from it by the pons 

flexure. 

At the isthmus, the tube is constricted to about one half 

the diameter of the mesencephal ; it gradually widens caudad. 

Thus there results a subcylindrical funnel-shaped tube composed 

of substantial nervous substance, whose roof and sides are con- 

tinuous with the metatela. 

The tela is joined to the substantial nervous substance 

around its entire circumference ; between the substantial parietes 

and the tela there is a thinner, transitional margin which grad- 

ually merges into the tela. The term £zlos is proposed to des- 
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ignate it. If the writer understands His correctly it corres- 

ponds to the Rautenlippe. See &/., Fig. 28, Pl. III. 

The appearance of the early epencephal is well shown in 

Pigs. . 1, )3,.45. 5,6, Ply Tandin Bigs. 50, 51,55, 5 vee 

Figs. 1-3, Pl. I, the pons flexure is just beginning to appear. 

Its further development causes a greater separation of the meso- 

caudal border of the epencephal till it comes to lie in the posi- 

tion shown in Figs. 4, 5, 6 and 7, Pl. I. These specimens also 

show the dorso-cephalic rotation of the two lateral protons of 

the cerebellum; compare also Figs. 31, 35, 37, Pl. III, and 

HGS. FO, EE iS iebeM 

In order to understand the changes which follow we must 

consider those which have preceded. 

1. The brain tube was once an open groove. 

2. The lateral walls of this groove have extended dorso- 

mesad and fused along the meson. Now we would naturally 

expect that the sides of the tube would be the thicker and con- 

tain potential proliferating elements. Does not this idea ex- 

plain why the Deckplatte is so thin? 

As the pons flexure is developed, the kilos and a part of 

the substantial wall are forced ectad and in this manner the lat- 

eral U-bend is formed. The ectal opening between the two 

arms of the U is closed by a portion of the original metatela 

which is thus folded off, and later becomes the dorso-caudal wall 

of the parepiccele. See Figs; 1,3, 5,12, Pl], #1e.{Genean 

Viwand)Ris...65, Pl; VE. 

Dorsad of the pons flexure, a fold of the metatela sinks 

down into the cavity, bloodvessels follow and form a plexus 

(choroid plexus of the older writers) which extends clear across 

the brain tube. The place where the fold occurs forms the line 

of attachment for the plexus ; it encircles the dorsal part of the 

brain tube like a girdle, hence the name cestus is proposed for it. 

From the foregoing it appears that that portion of the 

brain tube which lies between the isthmus and the pons flexure 

presents peculiar characters, such as are not presented by the 

parts lying next cephalad or caudad of it. 

The question which now demands attention is, How much 
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of the roof of this segment is involved in the development of 
the cerebellum ? 

The adult condition may here be considered. Compare 

Bio 24, Fl. Tl with Bigs.) 42)43), 44; Pl. TV.( In the’ adult 

brain we have as mesal landmarks, 

1. The mesencephal and isthmus. 

2. Bhevkilos: 

Between the structures lie, 

a. The valvula. 

bo. ) The cerebellum. 

Atthe constriction of the isthmus, there is a thickening in 

the roof which increases laterad. It is in fact ‘‘a transverse 

plate inclined at a wide angle to the axis of the oblongata.” 

See Fig. 24, Pl. III. Now the universal statement in all text- 

books on embryology is that this ¢vansverse plate 1s the cerebel- 

lum. It is true that it does bear a resemblance to the amphib- 

ian cerebellum. But if this plate is the cerebellum, where zs the 

valvula? What also is the meaning of the two lateral thicken- 

ings, in the caudal part of the roof, which do not extend across 

Exe; meson. See the section shown in Fig. 24 ¢, Pl; Ill, and 

also gross preparations shown in Figs. 4, 6, Pl. I, 52, 54, 55, 

Pl. V. Again what is the meaning of the condition shown in 

Bias) and 10,-Pl. 1, and Fig. 53, Pl. Vi,’ where these Jatera] 

protons have fused upon the meson? 

The only explanation which the writer, at present, has to 

offer is this: that the thickening at the isthmus is really less 

than it appears to be. For, suppose that as a result of the dila- 

tation of the mesencephal its walls become thinner. The effect 

would be to make the appearance of an isthmus thickening 

greater than it really is. 

The writer believes that the results of his own observations 

upon the brains of both man and the cat go to show that this 

so-called transverse plate is not the cerebellum, and that in early 

embryos the cerebellum does not appear in a mesal section. 

The Cerebellum. 

Definition.—The cerebellum, in its broadest sense, may be 
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defined as that part of the epiccelian roof which is clothed with 

ectocinerea. 

In its early stages it consists of two fusiform protons which 

lie in the latero-caudal convexity of the roof of the epencephal 

just cephalad of the kilos and are twisted so as to conform with 

the general outline of the walls. In the stage shown in Figs. 

6 and 7, each extends from near the floor successively cephalad, 

dorsad, caudad, mesad, and again cephalad and ends at a notch 

in the roof situated at about one fourth the distance from the 

meson to the lateral border and forms the cephalic arm of the 

U-bend. In Fig. 5, a younger embryo, the proton and adja- 

cent parietes are folded over ecto-cephalad. Compare Figs. 7, 

29, 32, 50, 51, 52, 53. 
The further development appears to be a process of prolif- 

eration, by which these lateral protons are extended dorsad, 

cephalad, and mesad. The mesal extension meets its opposite 

at the meson and fuses therewith. From now on we have to deal 

with a single structure instead of with two. Reference to Figs. 

42 and 43, Pl. IV, shows that the dorsal extension at the base 

is not as wide as might be expected, but that the organ widens 

as it extends dorsad. This is still more apparent in human em- 

bryos. The result of this method of growth is the spreading, 

umbrella-like appearance so characteristic of the adult organ. 

The transition from the condition shown in Figs. 4, 5, Pl. 

I, and’in Figs. 52, 53, Pl. V, to that shown! in Figs, 8; vo) ae 

I, and 58, 59, Pl. VI, is very surprising. The explanation which 

seems most reasonable to me, is that during the process of 

growth the cerebellum, still thin at the meson, and quite flexi- 

ble, becomes rotated caudo-ventrad, or folded upon itself; and 

_in this way the ripa is brought from the position it occupies 

in Fig. 52 to that shown in Fig. 58. It seems to me that the 

specimens shown in Figs. 35,\ 36,.37,' Pl: Ill) in Pigs: 425hees 

Pl. IV, and in Figs. 56, 57, Pl. V, support this view. 

His'\(15,:22) has a different idea. He ‘says, ‘© Die "Ober 

flache des Kleinhirns verwachst mit dem sie berihrenden Theile 

der Deckplatte, an Stelle der primaren vor dem Cerebellum _ be- 

findlichen Taenia, entsteht’eine secundare vom hintern Rande 
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sich ablosende und die sackartige Hille welche das Kleinhirn 

noch im Beginn des 3 Monats bessen ist spater spurlos ver- 

schwunden.”’ 

The writer fails to obtain any such idea from his own speci- 

mens. 

Main Divisions of the Cerebellum.—The dorsal aspect of 

comparatively late embryos presents one mesal and three pairs 

of lateral regions, viz: 

1. The vermis, azygous. 

2. The pilea, paired. 

3. The paraflocculi, paired ; in the lower mammals, each 

is divided into supraflocculus and mediflocculus. 

4. The flocculi, paired. 

Of these the vermis is the last to appear, as might be ex- 

pected from the method of development. 

The Pilea.—The regions which form the pilea apparently 

are the first to be formed. Compare Figs. 8, 10, 56, 58. In 

the adult cat they form quite prominent masses but receive their 

highest development in man, where they form the chief mass of 

the entire cerebellum. 

Their development is briefly as follows: Beginning with 

the stage shown in Figs. 8 and g,there are two lateral sub-ovate 

masses, joined at the meson by a thin plate of substantial par- 

ietes; compare with Figs. 2, 4, 6, 52 and 58. On the lateral 

aspect there is a slight depression which evidently foreshadows 

the division into pileum and paraflocculus. The successive 

changes are more readily traced in the cat because the enormous 

human pileum obscures adjacent parts. 

The first distinct demarcation is into pileum and parafloccu- 

lus by the parafloccular sulcus. This shows clearly in Fig. 11. 

At a later stage, shown in Figs. 12, 13, and best in 14, a new 

sulcus has appeared which divides the pileum into two regions, 

prepileum and postpileum. The postpileum is very small in 

Fig. 13, but it rapidly increases till it fully equals, if it does not 

exceed, the prepileum; see Fig. 17. After this stage the pre- 

pileum grows rapidly till in the adult it is very large and well 

developed, while the postpileum appears quite insignificant (Fig. 
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23). Contrast with the condition in man where the postpileum 

forms the chief mass of the postramus. See Figs. 70-75. 

From the great size of the pileum, its amount of cortex, 

and its intimate connection with the myel caudad and the cere- 

brum cephalad, it would seem that it must be in some way cor- 

related with man’s superiority or erect attitude. 

In the lower mammals, the prepileum is the larger. 

The paraflocculus.—A. general idea of the paraflocculus of 

the lower mammalia can be obtained from a study of the cat’s 

cerebellum. It is a large, richly foliated structure lying be- 

tween the prepileum and the flocculus and apparently of great 

functional value. It is divided into two lobes—the suprafloccu- 

lus dorsad, and the mediflocculus ventrad—by the deep inter- 

floccular sulcus. The supraflocculus is connected with the post- 

pileum by substantial nervous substance. This connection is 

obscured in the adult by the superficial development of the ad- 

jacent parts. 

In man, on the contrary, it is variable, small, and would 

seem to be a degenerated structure of comparatively unimpor- 

tant functions. In him it is foliated, but I do not feel certain 

that there is a proper division into supra- and mediflocculus; it 

appears to be larger in the embryo than in the adult. 

The same connection with the postpileum appears to exist 

in human embryos, but in the adult it is even more obscure than 

in“the cat: ’’ Compare Fis. 17; To;422). 23) 5S, GONt7ler ase 

The mesal connection of the mediflocculus with the post- 

vermis is clearly shown by the ridge of nervous matter, the ver- 

mian tract, an enormous bundle of fibers; it is not readily rec- 

ognized in the adult, but appears in Figs. 17, 19, 65, 71. 

In general it may be said that the adult cerebellum in both 

man and the cat presents such a plump and compact superficial 

development that many of the embryonic features are recog- 

nized with difficulty. 

The flocculus.—In both man and the cat the flocculus proper 

is foliated and would appear to have about the same morpho- 

logical significance. It arises from the caudo-lateral part of the 

roof, between the paraflocculus and kilos; Figs. 17, 18, 58, 60, 
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61, show its early form and the method of its development. 

In man, the lateral portions of both flocculus and paraflocculus 

form the chief mass of these structures. They are compressed 

and forced laterad by the enormous growth of the postpileum 

which finally overshadows and dwarfs them. Their mesal ex- 

tensions are submerged by the growth of adjacent parts; they 

apparently exist only as bundles of fibers running to the post- 

vermis, imbedded in the foundation mass of alba, Compare 

Figs. 65, 70. 

The ramt.—If we retain the old idea of comparing the 

cerebellum to a tree, the mesal aspect shows that it consists of 

two enormous branches —preramus and postramus. ‘The post- 

ramus is much the larger. 

The preramus.—It appears that at an early stage of devel- 

opment a deep transverse cleft — the furcal sulcus —appears. It 

divides the cerebellar mass into two unequal portions. The pre- 

‘ramus, the cephalic, is the smaller and forms the cephalo-mesal 

portion of the organ, which lies cephalad of the furcal sulcus. 

See Figs. 64, 66, 67, 74. It is relatively much smaller in the 

lower mammals than in man. The preramus includes the 

regions recognized as, (1) lingula, (2) cephalic lobe, (3) centra} 

lobe, (4) culmen, and their lateral extensions. 

The postramus.—This includes the remaining and by far 

the greatest mass of the cerebellum. It comprises the follow- 

ing mesal parts and the lateral masses connected with them, 

viz., (1) the clivus, (2) the cacumen, (3) the tuber, (4) the 

pyramis, (5) the uvula, (6) the nodulus. 

In man the clivus and its lateral prolongations constitute 

the prepileum. In the cat, the clivus, the cacumen, and the 

tuber with their lateral extensions constitute the prepileum. In 

man the peduncular sulcus separates the the pre- from the post- 

pileum ; but the peduncular sulcus of man does not correspond 

to the interpilear sulcus of the cat. ‘ 

For an idea of the extent and mass of the prepileum in 

man consult Figs. 67 and 66, or the part lying cephalad of the 

peduncular sulcus. 

The postpileum comprises the remaining five lobes of the 
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postvermis and their lateral prolongations. For the extent and 

relative mass of these in man consult Figs. 64, 66 and 67, and 

in the cat Figs. 20, 23 and 44. 

Summary. 

The following points are believed to be new or little 

known. 

I, Some ideas about the epencephal as a definitive brain 

segment. 

2. The mammalian cerebellum is developed from the cau- 

dal part of the epiccelian roof. 

3. The definition of the cerebellum as ‘‘that part of the 

epiccelian roof which is clothed with ectocinerea.”’ 

4. The existence of paired notches in the caudal part of 

the epiccelian roof. See Fig. 6. 

5 An explanation of the shifting of the ripa ventrad. 

6. The non-appearance of the cerebellum on a mesal sec- 

tion of the early embryo brain. 

7. That the lateral parts are formed first, although, as 

stated by previous observers, they do not receive their adult 

foliation till after the mesal sulci have appeared. 

8. That mesal sulci appear before the vermis, as a dis- 

tinct lobe, is formed. 

g. The late appearance of the vermis. 

10. A new topographic terminology for the cerebellum. 

11. The recognition of new sulci: 

a. The floccular sulci, paired at first, but fused at 

the meson later. 

6. The parafloccular sulci, paired, but not fusing. 

A c. The interfloccular sulci, paired, but not fusing. 

d. The interpilear sulci, paired, but not fusing. 

These are best seen in the embryo. 

12. The first sulci appear on the lateral parts, zot on the 

vermis, as has been previously stated. 

13. The existence of the interpileum marking the mesal 

limit of the interpilear sulcus. 
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14. The non-correspondence of the peduncular sulcus in 

man with the interpilear sulcus of the cat. 

15. The recognition of a new lobe, the cephalic lobe, in 

the prevermis. | 

16. The division of the postramus into two regions, pre- 

and postpileum, apparently different in man and the cat. 

17. The recognition of the flocculus and paraflocculus as 

distinct regions, common to all mammals. 

18. The division of the paraflocculus in the lower mam- 

mals into two parts, supra- and mediflocculus. 

Ig. The connection of the supraflocculus with the post- 

pileum and of the mediflocculus with the postvermis. 

20. The recognition of the vermian tract, a distinct ridge 

in some of the lower mammals, a bundle of fibers imbedded in 

the foundation alba, in some of the higher. 

21. The difference in size and apparent relative functional 

importance of the paraflocculus in man and the cat. 

22. Phe cestus. 

23.) Vhe kilos. 

24. The development of the auditory eminence. 

25. The multiple character of the auditory nerve in its 

development. 

26. The lateral U-bend. 

27. The caudal fold. 

28. The structure of the metepiplexus. 

29. The caudal extension of the mesencephal. 

30. The presence of transitory foldings in the roof of the 

mesencephal. 

31. The caudal tip of the mesencephal is bifurcated in 

the cat, pointed in man. 

32. The homology of the different parts of the cerebel- 

lum in man and the cat. 
33. In thecat, the pyramis is rudimentary. 

34. In man the cephalic part of the cerebellum becomes 

foliated before the caudal part. 

35. The identity of the kilos and postvelum. 
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New Terms Defined. 

Cestus.—Lat. cestus, agirdle, Gr. kestos, stitched, embroid- 

ered. The band-like line of attachment of the metepiplexus. 

It surrounds the dorsal part of the brain tube like a girdle. 

[nterpileum.—tLat. inter, between, and pzlewm, acap. In 

the embryo kitten, a slight elevation between the interpilear 

and the uvular sulci. Figs. 15 and 16. 

Kilos.—Gr. chetlos, a lip, rim. The thin zone of nervous 

substance which forms the transition between the substantial 

parietes and the metatela. 

Pileum.—Lat. pileum, a cap. A lobe of the cerebellum 

lying between the vermis and the paraflocculus. Its relation to 

the peduncle is like that of a cap. 

Pugnus.—Lat. pugnus, a fist. An especial development 

of the mediflocculus inclosed in a cell in the petrous bone, in 

Rodents, some Carnivora, C/zvomys, monkeys, and some other 

mammals. Named from its resemblance to a fist. [The ‘‘ap- 
”) pendicular lobe” of the older anatomists. | 

CORNELL UNIVERSITY, 
Irwaca, N. Y., May 1, 1895. 
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DESCRIPTION OF PLATES. 

Notre.—The length for embryos is that from the top of the head to the 

vent. The magnification of figures is given in the explanations, except for 

Plates III and IV, where a line of given length indicates the enlargement. 

The preparation of specimens has been after the method given in the intro- 

duction. 

Heavy black lines represent either (a) the cut edge of endyma, or (4) the 

cut or torn edge of a tela consisting of the endyma and pia conjoined. 

The occasional disregard of the rules formulated by Wilder (Handbook, 

IX, 120, 56) was due sometimes to inadvertence, sometimes to the condition 

of the specimen, the right side being either more perfectly preserved or alone 

available. 

The number of a given specimen refers to the accession number of the 

Museum Vertebrate Zoology of Cornell University. 

ABBREVIATIONS. 

cac.—cacumen. 

cr.— Crus. 

cbl.—cerebellum. 

cb.—cerebrum. 

cal. fa.—caudal fold. 

ch, pl.—choroid plexus. 

cl._—clivus. 

crnl, fix.—cranial flexure. 

est. —cestus. 

7 cul—culmen. 

dent.—dentatum. 

a. fd.—dorsal fold. 

Dien.—diencephal. 

dpl.—Deckplatte of His. 

£m. au.—auditory eminence. 

epcl.—epiceele. 

Epen.—epencephal. 

epnd,—ependyma. 

mittl.—metatela. 

mylcl.—myeloccele. 

2.—nodulus. 

nk. fix.—neck flexure. 

nod. s.—nodular sulcus. 

olv.—oliva. 

obf.—oblongata. 

parepcl.—parepiccele, lateral recess of 

the cerebellum. 

parafic.—paraflocculus. 

parafic. s.—parafloccular sulcus. 

plm.—pileum. 

pacl.—peduncle. 

postplm.—postpileum. 

prepim.—prepileum. 

P. or pn.—pons. 

pym.—pyramis. 

py.—pyramid. 
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eptl.—epitela. 

Jic.—flocculus. 

fie. s.—floccular sulcus. 

rel, s.—furcal sulcus. 

gm.—gemina. 

tsth,—isthmus. 

kl.—kilos, 

2, ct,—central lobe. 

ng.—lingula. 

2, U-bd,—l\ateral U-like bend. 

medvfic.—mediflocculus. 

mesen.—mesencephal. 

meten.—metencephal. 

mscl.—mesoccele. 

mitcl,—metaccele. 

mipr.—metapore. 

Mammalan Cerebellum. 

pvl.—postvelum. 

pum.—postvermis, 

p. fix.—pontile flexure. 

plx.—plexus. 

rf. pl.—roof plate. 

rp.—tipa. 

Rg. au.—-auditory region. 

suprafic.—supraflocculus. 

sé,—stem. 

sl. cl —saddle cleft. 

77.—tela. 

trans. S.—transitory sulci. 

uv.—uvula. 

vi.—velum. 

vm, tvy.—vermian tract. 

vlv,—valvula, 
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fig, 1. Left lateral aspect of the caudal three brain segments and myel of 

an embryo pig 16 mm. long, No. 3337 (x 7.5). 

The specimen had been preserved in alcohol; the cephalic two-thirds of the 

cerebrum had been sliced off by a previous inquirer. Shows, 

a. The large subspherical mesencephal. 

6. The contracted isthmus which has only about one half the diameter of: 

the mesencephal. 

c. The convex flaring walls and roof of the epencephal ; the roof arches 

dorso-cephalad. 

d. The expanded metatela (roof or deckplate) and its lateral extension 

caused by the pontile flexure. (This extension forms the caudal wall of the 

adult parepiccele. See also Fig. 3.) 

é. The cranial flexure (head bend), saddle cleft, bend of the pons, and a 

concavity in the metatela which later becomes a fold, the dorsal fold, Fig. 5. 

jf. The left lateral proton or rudiment of the cerebellum, cé/. 

fig. 2. Dorsal aspect of the same specimen. Shows, 

a. The ovoid appearance of the mesencephal at this period. 

6. The constricted isthmus, 

c. The elongated shield-shaped metatela and its lateral extensions which 

later form a part of the paraccelian wall. 

d, The two lateral protons of the cerebellum. Compare Figs. 24 and 24 

(nes) ee We 

e. The roof of the epencephal. Its extent is shown better in Figs. 1 

and 3. 

fig. 3. Oblique view of the same specimen. Shows the same features as 

Figs, I and 2, but gives a better idea of the isthmus and the cephalic termina- 

tion of the metatela. 
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Figs. 4 and 5. Epencephal of an embryo kitten 18 mm. long, No.. 3338 

(x 15). zg. 4, dorsal aspect, shows, 

a. General form of the epencephal, constricted at the isthmus, widened 

caudad. 

d. The roof-plate (or deckplate) which being thinner than the lateral parts 

of the roof has been forced dorsad in the form of a longitudinal fold as the 

brain hardened and contracted slightly. 

c. The lateral U-like bend of the substantial parietes which projects lat- 

erad from the brain tube and has resulted from the folding of the tube upon it- 

self at the pontile flexure. It appears to have been formed asa result of the 

flexion of the tube and the concomitant growth of the parts concerned, so that 

there results a U-shaped bend which projects laterad like an ear from the 

brain tube. /%g. 5 shows the lateral aspect of the bend. 

d. The two lateral protons of the cerebellum which have not yet fused at 

the meson. It is interesting to note that these two structures have rotated so 

that they stand up dorsad at nearly right angles to the brain tube. See Figs. 

oy Brow hry elle INI 

e. The caudal fold which is formed as a result of the lateral U-bend, cal, 

fd. The lateral wall is doubled upon itself, so that a fold is projected entad 

and in this manner forms the floor of the parepiccele, and apparently develops 

into the auditory eminence of the adult. I have indicated this structure in the 

earlier embryos by the term audztory region. See Figs. 8, 10, 12, 13, Pl. I, Fig. 

a5 Plat. and, Pigs. 52) 55,0545 bl. .Vi. 

jf. The relations of the tela which forms the roof of the metaccele and the 

dorso-caudal wall of the parepicceles. The tela has been torn away on the left 

side so as to expose the cavities and the ental surface of the cerebellum. The 

heavy black line represents the ripa, the torn edges of the tela. The mem- 

branes are shown entire on the right side. 

Fig. 5. Shows the lateral aspect of the same embryo. The mesencephalic 

roof is seen to extend both cephalad and caudad. The caudal extension rapidly 

increases, so that in embryos a little older, it reaches almost to the caudal bor- 

der of the epencephal. The dorsal fold of the metatela which dips down deep 

into the metaccele is also clearly shown. Compare Figs. 31 and 33, Pl. III, 

mitplx. 

figs. 6 and 7. Embryo kitten 23 mm. long, No. 3339 (x 15). Shows the 

same general features as Figs. 4 and 5, and in addition, 

a. The still greater caudal extension of the mesencephalic roof. 

6. The increased size of the two protons of the cerebellum which have 

not yet fused at the meson. A peculiar notch or fold marks their mesal extrem- 

ity. This notch is, perhaps, an artifact due to the shrinking of the brain dur- 

ing hardening. The caudal (ental) surfaces of the cerebellum are not shaded to 

represent them more clearly, but it must be remembered that they are covered 

by the tela and are therefore within the proper brain cavity (2. ¢., they are en- 

toccelian surfaces). For the sake of clearness, the kilos and the ripa or the 

line where the kilos ends and the metatela begins have not been shown. The 

ripa is approximately just caudad of the place where the shading ends. 

The line caudad of the shading represents the line of the attachment of the 
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plexus tothe tela, It extends around the lateral and dorsal sides of the brain 

tube like a girdle, therefore the term cestus (cs¢.) is proposed to indicate it. 

This is a very interesting specimen and apparently presents a condition identical 

with that shown in the human embryos, Figs. 52 to 55, Pl. V. 

fig. 7. Shows the left lateral aspect of the same specimen; here the audi- 

tory region is quite large, the cestus shows clearly and the plexus may be dimly 

seen through the thin semi-transparent tela. 

Figs. 8 and g. Embryo kitten 40 mm, long (x II), prepared by Dr. P. A. 

Fish. Shows, 

a. The caudal extension and bifid extremity of the mesencephal. This 

appearance is very characteristic. 

6. The lateral protons of the cerebellum have now fused at the meson. 

It seems probable that the change has been brought about in the following 

manner. Each lateral proton has grown by an increase in thickness and has 

gradually extended itself by a sort of proliferation cephalad, dorsad, and mesad 

till at last it has met the proton of the opposite side of the brain tube at the 

meson and has fused with it. Thus the deckplate has been obliterated. From 

now on we have to deal with a single structure instead of with two. The lat- 

eral portions, however, have a much greater mass than the middle part which 

is still thin. This relative proportion continues for some time. The vermis of 

the adult cerebellum is comparatively late in its development. The remaining 

parts are self explanatory. 

fig. g. Shows the left lateral aspect of the same specimen. There isa 

small elevation at the cephalo-lateral extremity which shows that the prepileum 

has begun to be differentiated, but the entire region of the pre- and postpileum 

is indicated under the general term Azlewm. A shallow furrow marks the floc- 

cular sulcus. The other parts are self explanatory. 

figs. ro andrr. Embryo kitten 36 mm. long, No. 3340 (x15). tg. zo 

shows the dorsal aspect of the cerebellum which has now begun to be differ- 

entiated into regions which persist through life. It appears that the earlier 

changes begin laterad and proceed mesad. From an examination of the sur- 

face the mesal part appears to be still quite thin. At this stage at least two of 

the primary furrows have appeared. In the lateral regions two elevations sep- 

arated by a shallow furrow — the parafloccular sulcus—have appeared. These 

elevations constitute the pileum and the paraflocculus, shown in profile in Fig, 

Io, Fig. 11 shows a face view. The floccular sulcus extends transversely clear 

across the cerebellum. Dorsad of it there is a slight narrow depression which 

probably represents the later nodular sulcus. At this stage there is a dorso- 

caudal extension of the cerebellum; at the meson there is a distinct notch, 

barely perceptible in Fig. 8. It shows very clearly in Fig. 13. Fig. Io also 

shows the kilos, cestus, tela, and plexus quite clearly. 

fig. zz. Shows the first real demarcation of the cerebellum into distinct 

regions, the pileum and the paraflocculus. A little later the pileum is divided 

into two regions, prepileum and postpileum, by a new sulcus the interpilear 

sulcus. See Fig. 15, Pl. II. Fig. 11 also shows the floccular sulcus, the kilos, 

the parepiccele, and the plexus which shows through the tela. During the 

dissection the tela was torn away from the kilos. Its lines of attachment is in- 



106 JOURNAL OF COMPARATIVE NEUROLOGY. 

dicated by the heavy black line, 74. The auditory region shows a marked in- 

crease in size. At this stage the paraflocculus is larger than the prepileum. 

The figure does not show the cerebellar peduncle which is just beginning to 

form. See Fig. 14. 

Fig. 12. Shows the dorso-caudal aspect of the cerebellum of an embryo 

kitten 53 mm. long (x 7.5). This is practically the same condition as that 

shown by a human embryo, Fig. 60, pl. VI. The mesal part of the cerebellum 

is still quite thin, and four distinct furrows are present. The nodular sulcus is 

unmistakable and in addition to the parafloccular sulcus, a new furrow, the in- 

terpilear sulcus, has appeared. ‘There is a corresponding sulcus upon the other 

side of the cerebellum. These sulci do not cross the meson and apparently do 

not become continuous with any of the mesal sulci which appear later. The 

interpilear sulcus divides the pileum into two regions which appear to be dis- 

tinct through life. The parepiccele and caudal fold are shown very clearly. 

The specimen is turned at such an angle that the caudal projection of the cere- 

bellum does not show. Tela and plexus have been removed, The heavy black 

line indicates the ripa. 

Figs. 173 and 7g. Cerebellum from an embryo kitten about 55 mm. long, 

No. 3341 (x 7.5). Shows a later stage of development ; two new furrows are 

present—the furcal sulcus and the uvular sulcus. I have not been able to ob- 

tain specimens to show which one appears first. But the adult condition indi- 

cates that itis the furcal. See Fig. 44, Pl. IV. The furcal sulcus divides the 

mesal portion of the cerebellum transversely into two unequal parts. For rea- 

sons to be stated elsewhere we shall call all of the organ which lies cephalad of 

the sulcus preramus, and all that lies caudad fostramus. In addition to the fea- 

tures just noted the figure shows essentially the same parts as Fig. 12. 

fig. 14. Left lateral aspect of the same specimen. Shows very clearly 

the caudal extension of the mesen. Compare Figs. 1, 5, 7,9. The peduncle 

of the cerebellum is now recognizable The specimen also shows the relation 

of the interpilear sulcus to the parafloccular sulcus and the relation of the pre- 

pileum to the postpileum; the former now has a volume greater than that of 

the paraflocculus. The kilos, ripa, and plexus show plainly. 

PLATE II. 

figs. 15 and 16. Cerebellum of an embryo kitten 63 mm. long, No. 3342. 

(x 7.5). Shows practically the same features as Figs. 13 and 14, Pl. I. In add- 

ition to these there appears a slight elevation surrounded by a very shallow 

groove,’ the interpileum. (This term was suggested by Professor Wilder.) 

The structure forms an interruption between the interpilear and the uvular 

sulci. At present I am unable to explain its significance, but shall discuss it in 

a future paper, as soon as enough material is available. The mesal shading in- 

dicates a depression extending cephalo-caudad. 

fig. 16. Left lateral aspect of the same specimen. 

1 The lines surrounding the interpileum in Fig. 15 should not have been quite so heavy. 

They represent only a very shallow groove, not asulcus. 
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figs. 17,18, 19. Cerebellum of an embryo kitten 77 mm. long, No. 3443 

(x 7.5): 
Fig. 17. Shows the dorsalaspect. The organ presents numerous folia and 

begins to assume distinctly adult characters. At this stage the vermis may be 

recognized but it still presents a mesal depression. Upon each side there is a 

rather wide depression which becomes the vallecula of the adult. The brain 

was somewhat distorted in hardening; this is an advantage because it allows 

the left flocculus and paraflocculus to be seen from the dorsal aspect. A de- 

pression is seen in the paraflocculus, the interfloccular sulcus. It divides the 

paraflocculus into two parts, of which at Professor Wilder’s suggestion, I have 

called the dorsal part, supraflocculus, and the ventral part, mediflocculus. 

The flocculus proper is not differentiated as early as the paraflocculus. 

This is the youngest specimen that shows it clearly. The early embryos show 

an apparent connection between the supraflocculus and the postpileum. The 

same condition exists in the adult but is obscured by the great development of 

the adjacent parts. An attempt will be made in Part II to trace the fiber rela- 

tions of these two regions. A connection also exists between the floccular re- 

gion (flocculus and paraflocculus) and the postvermis. I get this idea from dis- 

sections of adult cerebellums. This connection is indicated by the term ver- 

mian tract. 

A considerable portion of the preramus and its middle part, the prevermis, 

is seen, also the relations of the furcal sulcus and the peduncular sulcus, next 

caudad. The entire mass from the peduncular sulcus caudad tothe uvular 

sulcus represents the cacumen and the tuber. The cacumen in the cat is rela- 

tively much larger than in man. The remaining part of the postvermis, shown 

in the figure, represents the uvula. The pyramis is rudimentary in the cat. See 

Fig. 44, Pl. IV, The floccular and nodular sulci do not appear in this aspect. © 

Fig. 18. Right lateral aspect of the same specimen; the right aspect was 

drawn because the left was distorted. In additition to the general features it 

shows the lateral U-bend and its relation to the parepiccele, the auditory region, 

and the auditory nerve. 

fig. 79. Shows an oblique view of the same specimen (x 11.5). Shows the 

relation of the supraflocculus to the postpileum, also that of the flocculus and 

paraflocculus to postvermis, by means of the vermian tract. The other parts 

need no explanation, 

figs. 20,21, 22. Cerebellum of an embryo kitten 93 mm. long, No. 3344, 

(x about 6.7). This specimen shows all the features of the adult organ but in a 

much more simple condition. The individual regions do not show that crowd- 

ing together and distortion which in the adult organ are so puzzling. From 

now on the growth appears to be an elevation of the general surface, not in- 

cluding the primary sulci. 

The vermis presents no mesal depression, but instead a mesal elevation. 

All the mesal parts present in the adult may now be recognized. The postpileum 

has undergone an enormous change, both in relative size and in general appear- 

ance. Its long axis has changed to a latero-cephalic direction; it has also been 

crowded dorso-caudo-mesad so that it has come to lie upagainst the postvermis, 

and now is much thicker than wide. The nodulis is concealed by the uvuia. 
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The entire mass of the prepileum has increased so that now it is greater than 

that of the postpileum. It has also expanded and the caudal part has extended 

both laterad and caudad. The supra- and mediflocculus have become foliated, 

but more folia appear at a later stage; compare Fig. 23, while no folia have as 

yet appeared upon thé flocculus. 

fig. 21, Lateral aspect of the same specimen. Shows clearly the prera- 

mus and its vermis. 

fig. 22. Oblique view of the same specimen intended primarily to show 

the relation of the floccular region to the postvermis by way of the vermian 

tract and also that of the postpileum to the supraflocculus. 

fig. 23. Left lateral aspect of an adult cat’s cerebellum, No. 153 (x 2.3). 

Shows the compact and pump appearance of the adult organ. It looks as 

though the skull had been too small for it. The great size of the vermis is very 

marked, Compare Figs. 15, 17, 20, 22. The increase in size of the prepileum 

over that of the postpileum is astonishing. Compare Figs. 11 and 14, Pl. I, 

and Figs. 16, 17, 18, Pl. II. Note also the comparative size of the flocculus 

and of the medi- and supraflocculus, and its relation to them. 

The flocculus is really larger than it appears to be here, being partially 

concealed by the mass lying dorsad ot it. In addition, note the relation of the 

parepiccele to the auditory eminence, the flocculus, and the plexus. The heavy 

black line represents the torn edge of pia and endyma, the ripa. A portion 

of the tela was removed to expose the cavity. Compare Figs. 4, 5, 11, 12, 14, 

Pl. I, and Figs. 18, 19, 20, 22, Pl. II. 

PLATE III. 

Figs. 24 and 2ga. Sagittal sections through the mesencephal, the epen- 

cephal, the metencephal and a part of the myel of an embryo pig 16 mm. long, 

the same age as Figs. 1, 2, 3, Pl. I. The sections were cut a little obliquely 

and the mesal aspect of Fig. 24 is reconstructed from several sections. 

fig. 24 showsa very rudimentary condition ofehe parts, also the following 

distinct features, viz., 

a, The comparatively thick floor of the brain tube ; 

in the floor of the diaccele. 

6. The roof is thin at the meson but thickens laterad. 

c. The thin metatela and thicker roof of the epencephal and mesencephal. 

The change from tela to epiccelian roof is through a region of transition, 

the kilos, which consists essentially in a decreased thickness of the parietes. 

This is more abrupt and clearly defined in older embryos. 

d. The constriction at the isthmus. At this point there isa greater thick- 

ening in the roof which increases laterad. At present I am unable to explain this 

condition; would suggest that, as a result of the dilation of the mesecephal 

and a possible contraction at the isthmus, the difference in thickness has been 

brought about. I shall discuss this subject as soon enough as material is available. 

Compare Figs. I, 2, 3, Pl. I, and Fig. 24a, Pl. III, which is a sagittal section at 

some distance from the meson. The proton of the cerebellum is marked cé/. ; 

it does not appear in a mesal section. The other parts are self explanatory. 

it becomes thinner 
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figs. 25, 26, 27, 28 are oblique transections of the brain of an embryo 

kitten about 12 mm. long and show a very early condition, a little farther ad- 

vanced however than Figs. 24 and 24a. The sections are as nearly transections 

as I could cut them; but every one knows how difficult it is to section so small 

an embryo exactly at right angles to the meson. 

fig. 25. Section through the isthmus. The left side includes a little of 

the mesencephal. It also shows the thickening of the wall at the isthmus and 

the general arrangement of the brain at this point. 

fig. 26. A transection through the epencephal cephalad of the cere- 

bellum. 

fig. 27. A transection through the cerebellum ; includes the cephalic part 

of the lateral U-bend. Compare Figs. 5 and 7, Pl. I. This stage of develop- 

ment is of the highest morphological interest because it shows, + 

a. That the lateral parts of the caudal portion of the epiccelian roof are 

thick, while the mesal part is thin at the deckplate. 

6. The lateral parts are clothed with cinerea which does not extend across 

the meson (compare Figs. 4 and 6, Pl. I); this proves conclusively that the cere- 

bellum is developed from the two lateral areas, or protons, which by a kind of 

proliferation gradually extend mesad till they form a continuous thickened mass. 

The dorsal projection at the meson is an artifact due to collapse of the 

brain during the process of hardening and infiltrating with collodion. The 

line laterad of the U-bend represents the tela which forms the lateral wall of the 

parepiccele. 

fyg. 2S, A transection of the same embryo through the mesencephal, 

showing the general character of the metatela and kilos. 

Figs. 29, 30, 31, 33, are sagittal sections of the epencephal of an embryo © 

kitten 18 mm. long. 

fig. 29 isa section near the lateral extremity of the lateral U-bend and 

shows, 

a. The parepiccele. 

6. The beginning of the plexus. 

c. The extreme lateral end of the cerebellum and the auditory region. 

d. Therelation of the kilos and tela to the cerebellum at this extreme lat- 

eral point. Compare Figs. 4, 5, 6, Pl. I, also Figs. 50, 53, and 54, Pl. V. 

fig. 30 isa section a few microns farther mesad. It shows essentially the 

same conditions as Fig. 29. 

Fig. 3z. Section still farther mesad. Shows, 

a. The dorsal rotation of the cerebellum to a position nearly at right an- 

gles with the brain axis. 

6. The kilos both at the caudal (here dorsal) edge of the cerebellum and 

around the edge of the metencephal. 

c. The metaplexus. 

The condition here is apparently comparable to that found in certain rep- 

tiles, Herrick (13, 7). The black line, endyma, is a continuation of the cells 

forming the plexus. 

fig. 33. Shows the mesal aspect of the same specimen. Note the general 



& 

1@ fe) _JoURNAL OF CoMPARATIVE NEUROLOGY. 

arrangement of the parts, and the great reduction of the roof at the meson, 

Compare Figs 4 and 6, PI. I. 

fig.32. A transection through the lateral U-bend of the same specimen. 

After the meson had been passed, the tissue was removed from the block and 

its position changed so as to cut transections of the remainder. It shows the 

relation of the bend to the brain tube and that of the tela to the bend. 

Figs. 34 and 35. Sagittal sections through the cerebellum etc., of an em- 

bryo kitten 23 mm. long. 

figs. 36 and 37. Sagittal sections through the cerebellum of an embryo 

kitten a little older than the previous one. It had been partly dissected by a 

previous observer, so that the exact length could not be determined. This 

shows a condition which would seem to indicate that the cerebellum, after hav- 

ing rotated dorso-cephalad, again rotates caudo-ventrad. The condition found 

in still older embryos would appear to support this view. See Figs. 42 and 

43.) ble Ve 

His (15, 22) holds a different view. He says that the ‘‘tela grows fast to 

the apposed ental surface of the cerebellum.’’ But it seems to me that the facts 

disprove this statement. See discussion on p. 94 of text. 

figs. 35 and 39 show transections through the cerebellnm of an embryo 

kitten 45 mm. long. 

fig. 38. Section through the caudal part of the cerebellum. It shows, 

a. The tips of the overlying mesencephal. Compare with Figs. 6 and 

tay ded 

6. The structure of the cerebellum as a substantial mass of alba clothed 

with ectocinerea, forming a part of the roof of the epiccele; it is the roof at 

this particular point. Compare with Figs. 10 and 11, Pl. I ; also with Figs. 

27, 33) 35» 37, Pl. III. 
c. The epiccele and epiplexus, the metaccele and metaplexus. In this fig- 

ure the two plexuses have no apparent connection, but they are really continu— 

ous. The apparent independence is due to the fact that they do not lie in the 

same plane. The same is true for the epiccele and metaccele; the section is 

made caudad of their point of junction. 

ad, ‘The section also shows the kilos, the cestus, the floccular and parafloc- 

cular sulci, the paraflocculus and prepileum. 

fig. 39. Transection of the same specimen farther cephalad. The sec- 

tion is slightly oblique; the right side passes through the peduncle, the left is 

just caudad of it. It shows, ¥ 

a. he epicceles and the parepicceles, at the left the connection between 
the two lateral U-bends. 

6, ‘The epiplexus. 

c. ‘The mesencephalon with its cavity, mesoccele ; sections farther cephalad 

show the junction of the epiccele with the metaccele. 

d. ‘he thin roof of cephalic part of the epiccele (valvula) and a part of the 

cephalic extension of the cerebellum, which later becomes the preramus. 

e. The cephalo-lateral extensions of the cerebellum (prepileum) clothed 

with cinerea, while just mesad two rounded elevations appear, the cephalic bun- 

dles, or prepeduncles. 
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Figs. 40 and 41. Sagittal sections through the cerebellum of an embryo 

kitten 93 mm. long. Compare with Figs. 17 and 20, Pl. II. Shows a section 

through the U-bend including, 

Supraflocculus 
Medidecenine \ Constituents of the paraflocculus. 

Flocculus. 

Kilos, plexus, tela, parepiccele and cestus. 

SS . Auditory region. 

Fig. gz A-section alittle farther mesad includes the tip of the pre- 

pileum. 

PLATE IV. 

fig. 42. Mesal aspect of the cerebellum of an embryo kitten 45 mm. long. 

Shows the condition of the parts at this early stage. The ental surface of the 

cerebellum is now concave instead of convex. Compare Figs. 31, 35, 36, 37, 

Pl. I11; also Figs. 43, 44, Pl. IV. It certainly looks as though the cerebellum 

had rotated caudo-ventrad. ‘This seems to me the simplest and most logical ex- 

planation of the change in the position of the ripa from that shown in Figs. 31, 

34, 35, Pl. III, to the position shown in this figure. Note the relative thick- 

ness of the valvula and metatela, also the position of the plexus, and the 

floccular and uvular sulci. 

Fig. 43. Mesal aspect of the cerebellum of an embryo kitten 55 mm. long. 

Shows essentially the same features as Fig. 42, and in addition the furcal sulcus 

which divides the cerebellum into two great divisions, the preramus and post- 

ramus. The former presents three sulci while the latter shows only one, the 

uvular sulcus. Contrast with Fig. 42, where the only one present is a very 

slight depression, the uvular sulcus. Note also the small volume of the cere- 

bellum as compared with that of the oblongata in all stages up to this period. 

fig. 44. Mesal aspect of the cerebellum of an adult cat, No. 753 (x about 

4). Shows the general structure of the mesal part of the cat’s cerebellum 

which is quite like the condition found in man. The most striking feature, on 

first sight, in the arbor, whose tree-like branching is so characteristic of sagittal 

sections through the organ. It consists of a short thick trunk supported upon 

two lateral roots, or peduncles, and of two enormous branches, between which 

is the furcal sulcus. This sulcus forms a natural division and separates the 

cerebellum into two great regions. The cephalic is the preramus, the caudal is 

the postramus; the latter forms the greater portion of the cerebellum. 

As for the mesal part, or vermis, so much of it as is a part of the preramus 

is the prevermis, the remainder is the postvermis. In previous works all of the 

vermis cephalad of the peduncular sulcus has been called prevermis, but if we 

are to be governed by natural divisions, the prevermis ends at the furcal sulcus. 

Each ramus is divided into smaller branches or lobes practically the same 

as in man where they have been given specific names. The same terms are 

applied to the regions which the writer considers homologous in the cat. It is 

interesting to note that apparently the pyramis is rudimentary in the cat, and 

that there is an additional lobe in the cephalic part of the prevermis. The 

writer suggests for it the term cephalic lobe. This subject will be further dis- 
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cussed in part II, It would have been desirable to show stages between 

those given in figures 43 and 44, but suitable material was not available. 

figs. 45, 406, 47. Sagittal sections of the cerebellum of a human embryo, 

No. 2862, about 10 cm. long; poorly preserved, but shows well the relation of 

the pileum to the paraflocculus, flocculus, and kilos. 

fig. 47. Shows the parafloccular sulcus, the floccular sulcus, and vermian 
tract. 

fig. 48. Section farther mesad than Figs. 45, 46, 47. It cuts the pedun- 

cle and shows the pontile and caudal bundles of fibers which stream up into 

the pileum; also the corrugations due to the developing sulci, the dentatum, 

the floccular sulcus, the kilos, the lateral U-bend enclosing the parepiccele, and 

its relation to the peduncle. 

PLATE V. 

Figs. 49, 50, 51. Brain of a human embryo 22 mm. long, No. 2652 (x 

about 6.7). 

Fig. 49. Shows a slightly oblique view of the dorsal aspect, also the right 

side of the prosencephal foreshortened. Can hardly be understood without ref- 

erence to Figs, 50 and 51. The mesencephal shows several curious transitory 

sulci which disappear later. The form and extent of the metatela are very ap- 

parent as is also the in-sinking collocated with the bend of the pons. This is 

indicated by the darker transverse shading andis marked cs¢. The cestus seems 

to be formed here. A part of the tela was destroyed in the dissection; this ex- 

posed the metepiccele and also shows the early parepiccele. Other features 

shown are, 

a, The dorso-cephalic rotation of the cerebellum, better seen in Figs. 

50 and 51. 

6. Fhe relation of the telato the kilos around its entire circumference. 

c. The lateral U-bend. 

fig. yo. Right lateral aspect. Shows, 

a. The position and extent of the isthmus. 

6. The deckplate. — 

c. The fold in the metatela. 

d. Thecerebellum, the kilos, and ripa. 

e. The latera) U-bend and parepiccele, 

jf. The bend of the pons. 

g. The mesencephalic roof which is beginning to extend both cephalad 

“and caudad. 

h. The head bend and saddle cleft. 

z. The bending ventrad of the kilos along the metaccele. 

fig. 51. Shows the same features and also the rotation of the cerebellum 

dorso-cephalad. Compare Figs. 1, 2, 3, Platel. 

Figs. 52 and 53. Human embryo, No. 3205, 41 mm. long, (x about 6.7). 

Shows the same features as Figs. 49, 50, 51, No. 2652, except the tela. The 

parts are larger, the caudal fold and lateral U-bend are better developed. 
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Fig. 54. Transection through the epencephal of a hunran embryo 39 mm, 

long, No. 2139, (x 6.7). Shows very clearly, 

a. The thin deckplate not yet obliterated. 

6. The cerebellum as two thickened masses forming the lateral parts of 

the roof. 

c. The epiccele and its lateral extensions the parepicceles, 

ad. The kilos. 

e. The tela and epiplexus. 

jf. The caudal fold. 

g. The transverse furrow in the metaccelian floor caused by the bend of 

the pons. 

fig. 55. Mesal aspect of the epencephal of a human embryo, No. 2, 22 

mm. long, (x about 6.7). Shows the cerebellum as a fusiform mass lying in the 

lateral part of the roof and twisted somewhat so as to conform with the general 

shape of the epencephal at this period of development. The other features 

need no further explanation. 

Figs. 56 and 57. Cerebellum of a human embryo, No. 2926, 60 mm, long 

(x about 6.7). 

Fig, 56. Dorsal aspect, shows a very interesting stage in the development 

of the cerebellum. It looks as though a ventro-caudal rotation from the posi- 

tion shown in Figs. 50, 51, 52, had taken place. Compare Figs. 31, 35, 36, 37, 

Pl. III, and Figs. 42, 43, Pl. 1V. I have thus far failed to obtain specimens 

between 41 and60 mm. in length. The examination of such specimens would 

probably show whether such rotation does or does not occur. The specimen 

also shows, 

a. Thecaudal projection of the mesencephalic roof. It differs from 

the conditions seen in the cat where the mesencephal is notched or heart shaped; 

here the reverse is the case. 

6, The floccular sulcus which begins in the lateral region. 

c. The kilos, the tela, the cestus, anda mesal transitory sulcus in the 

mesencephalon. 

Fig. 57. Shows the left lateral aspect and practically the same features 

as 50; also, 

a. The peduncle of the cerebellum. 

6. The pontile flexure. 

c. The crus and the overlapping caudal margin of the cerebrum. 

PAG ASE Vil 

figs. 58 and 59. Cerebellum of a human embryo, No. 3348, 80 mm. long 

(x about 6.7). 

fig. 58. Shows the dorsal aspect. 

a. The mesal part is still depressed and thin; nosulci have as yet appeared 

upon it. 

6. The lateral parts, pilea (so-called lateral lobes), are large subspherical 

masses. Their increase in size from now on is quite rapid. 
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c. The paraftocenlar sulci, one on each side, have appeared and the floccu- 

lar sulcus now extends clear across the cerebellum. 

d. The paraflocculus is more obvious than the flocculus; compare Figs. 

10-14, Pl. I. 

e. The tela, kilos, cestus, lateral U-bend, auditory region, caudal fold, 

etc., are quite obvious. 

f. Apart of the metatela has been removed to expose the metaccele. 

g. The caudal extension of the mesencephal. 

fig. 59. Left lateral aspect of the same specimen. 

Figs. 60 and 61, Human embryo, No. 3209, 90 mm. long (x 6.7). 

Fig. 60. Shows the dorsal aspect. A few new sulci have made their ap- 

pearance, 
a. The furcal sulcus. 

6. The uvular sulcus. 

c. The nodular sulcus. 

The tela and plexus have been removed; this exposes the cavities and other 

features which otherwise could not be clearly shown; viz: 

1. The metaccele. 

The epiccele and paracceles continuous with the metaccele. 

The lateral U-bend. 

The caudal fold. 

The auditory region. 

Ap Rep The mesal groove in the floor of the cavities. 

7. The preramus; all of the organ caudad of the furcal sulcus constitutes 

the postramus. 

Fig. 61. Shows the left lateral aspect of the same specimen and the begin- 

ning of a small sulcus, which appears to be the peduncular sulcus. It divides 

the pileum into two general regions, the prepileum the smaller of the two, and the 

postpileum, which forms the greater part of the so-called lateral lobes of the 

cerebellum. 

Figs. 62 and 63. Cerebellum of a human embryo, male, No. 3347, 95 mm. 

long (x 6.7). The growth of the mesal part is gaining upon that of the two 

pilea. But there is a question whether or not the vermis is yet present. No 

new sulci have appeared upon the dorso-caudal aspect but the ones already 

there havea greater depth. The left parepiccele is represented as though a 

part of the tela had been removed (it was badly torn in the dissection) to show 

the structure of the plexus. It may properly be compared to a series of bunches 

of grapes suspended from a strap-like support, the cestus. The metapore was 

artificially enlarged during the dissection. 

fig. 63. Shows the left lateral aspect of the same specimen. A few (two 

are shown) new sulci have begun to form upon the cephalic aspect of the cere- 

bellum. An opening into the parepiccele, the parepiplexus, and the torn edge 

of the tela, are also shown. 

PLAGE Vid. 

Fig. 64. Mesal aspect of the cerebellum of a male human embryo, No 

2084 (x 6.7), age and history unknown. Shows the division by the furcal sulcus 
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into preramus and postramus; also the beginning of the regions found in a me- 

sal aspect of the adult organ. Compare with Fig. 67, also fetal, although 

adult features exist. Note the relative difference in size of the preramus in the 

two figures 64 and 67. I am in doubt about the part marked lingula in Fig. 64. 

This subject will be discussed further in Part II. 

Figs. 65, 66, 67. Cerebellum of a human embryo, No. 2279, size, age, and 

sex unknown (x 4). The specimen had been medisected and the left half partly 

dissected by a previous observer. 

fig. 65. The dorso-caudal aspect of the cerebellum is foliated, but less 

than in the adult. The following features are shown, 

a. The form and divisions of tbe caudal three lobes of the postvermis and 

their relation to the pilea and floculus. 

6. The enormous development of the pilea and the consequent covering 

up of the flocculus and paraflocculus. 

c. No attempt has been made to describe the different lobes of the pilea 

since that subject and comparisons with other mammals can be more profitably 

discussed in part IT. 

d. The metepiccele (‘fourth ventricle ’’) and its relations to the parepi- 

ceele. 

e. The relation of the parepiccele to the flocculus and kilos; the latter 

forms what is commonly known as the Jostvelum, hinteres Marksegel, valvula sem- 

tlunaris, etc. 

fj. The relation of the plexus to the parepiccele. 

g. The existence of the flocculus and paraflocculus as distinct regions of 

the cerebellum, demarcated by sulci. These features are concealed by the over- 

hanging pileum upon the right side. The pileum has been dissected away from 

the left side. The fiber relations of the flocculus are very peculiar; a large 

bundle goes ventrad into the pons. These relations will be discussed in part II. 

A. The continuity of the uvula with the tonsilla. 

fig. 66. Right lateral aspect. The left half had been previously dissected, 

Shows the division of the cerebellum into two unequal parts, the preramus the © 

smaller and cephalic, and the postramus, the caudal part. The latter forms the 

chief mass of the organ. This is again divided by the peduncular sulcus into 

prepileum and postpileum ; compare Fig. 67. The prepileum and preramus be- 

come furrowed earlier than the postpileum. Even in this specimen the 

sulci of the postpileum have not yet reached its lateral border. Compare Figs. 

69 and 70, Pl. VIII. The figure also shows a lateral view of the paraflocculus, 

flocculus, the fifth and eighth nerves, the peduncle, and the pons. 

The human paraflocculus becomes more or less foliated; indeed so far as my 

observations have gone it is quite variable ; but [ do not feel certain that there 

is the division into supraflocculus and mediflocculus, which is so general in 

the lower mammals. 

fig. 67. Mesal aspect. Shows the same features thatare to be recognized 

in the adult organ, but in a condition to be more easily understood. The most 

obvious features are, 
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a. The tree-like appearance of the cut surface. 

6. The approximately rectangular mass of alba which forms the trunk of 

the tree; its roots, z.e:, the peduncles, do not appear in a mesal section. 

c. The two great branches, the preramus and postramus, which divide into 

smaller branches. Beginning with the preramus, from the lower part of the 

trunk, there arise, 

I. The lingula. 

2. Inthe cat and in most human cerebellums, a branch which is absent 

from this specimen, the cephalic lobe. 

3. The central lobe forms a third branch. 

4. The remainder of the preramus forms the culmen. Inspection shows 

this to contain four quite large branches. These four lobes constitute the 

prevermis. 

The postramus contains six lobes ; viz., 

Arising from the caudal base of the trunk is the nodulus. 

The uvula, divided into three smaller branches. 

The pyramis, divided into two branches. 

The tuber. 

The cacumen, on the meson, a single twig-like branch. 

The clivus, branched to form two twigs. The mesal parts of these form 

the postvermis. These lobes are separated by deep sulci, each one named from 

the lobe which lies next caudad of it. 

ai Gee meta 

d. The relative size of the pons and oblongata at the meson. 

1. Prepontile recess. 

2. Postpontile recess. 

fig. 68. "Dorsal aspect of an embryo human cerebellum (x about 5.5). 

The figure has been drawn from two specimens, the cephalic part from No. 

3161, human embryo, 15.5 cm. long, female; the caudal part from A. 827, human, 

male, 16.5 cm. long. Shows the general appearance of the developing sulci. 

Iam not yet ready to discuss the disposition of the sulci, but it is inter- 

esting to note, 

a. That the two sides areunsymmetrical and that some of the sulci overlap 

z.e., while most of the sulci seem to rise in the mesal region, one at least 

arises in the lateral region and extends mesad. 

6. The right side of the cacumen is furrowed in a manner different from 

the left side; this will be further discussed in Part II. Compare Fig. 65, Pl. 

MMi andsHigsisoy Zi 72su7snele Wells 

The position of this figure upon the plate is undesirable but unavoidable. 

PLATE VIII. 

Figs. 69, 70. Cerebellum of a human embryo, No. 2947, male, 15 cm. 

long (x 6.7). The preramus and prepileum are foliated, but the postpileum 

on each side is smooth. 

fig. 69. Dorsal aspect. It shows, 

a. General regions. 
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6, The mesal beginning of the vermian lobes and the sulci which demar- 

cate them. 

c. The postpileum upon each side is still smooth. 

fig. 70. Left lateral aspect. Shows the lateral aspect of the same features 

as Fig. 69 and, 

a. The paraflocculus and its sulcus. 

é. The flocculus and its sulcus, 

c. The kilos and parepiccele. 

@. The auditory region and eighth nerve. 

é. The peduncle of the cerebellum. 

fig. 7z, Caudal aspect of the cerebellum of a human embryo, No. 2947, 

male, 15 cm. long (x 6.7). The relation of the paraflocculus has been added 

from No. A. 827, human embryo, male, 16.5 cm. long. The caudal part of the 

left postpileum has been sliced off so as to show the relation of the flocculus 

and paraflocculus ; compare Fig. 65, Pl. VII. Shows the beginning of the 

general regions and structures to be found in the adult organ. 

figs. 72, 73, 74. The cerebellum of a child at term, No. 2961, female, 

(x 2.3). 

fig. 72. Dorsal aspect. Shows the division of the organ into lobes and 

folia. Compare with Figs. 68, 69, Pl. VII. 

fig. 73. Shows the caudal aspect. Compare with Figs. 65, 69, 71. Note, 

that the flocculus and paraflocculus are almost entirely concealed by the postpil- 

eum and parepiplexus. 

Fig. 74. Shows the cephalic aspect. Compare with the preceeding fig- 

ures. Note, 

a. The flocculus. 

6. The eighth nerve. 

c. The peduncle. 

d. ‘he pons. 

e. The prevermis (culmen, central lobe, cephalic lobe); the lingula does not 

appear. 

fiw Lhe: erura. 

These three figures show the condition so characteristic of the adult organ, 

z. é., the division into lobes by deep sulci and the subdivision of the lobes them- 

selves into narrow folia by the shallower crevices or rimulz.! The probable 

use of this profuse foliation is to givea greater amount of potential cinerea, The 
structure will be further discussed in part II. 

fig. 75. Caudal aspect of an adult human cerebellum. No. 3117, male, 

(x about 1). 

1. The term rimula was proposed by Wilder, 36, 125. 
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Preparation.—The dorsal third of the organ was sliced off. The project- 

ing parts of the postpilea were crowded dorso-cephalad and kept in this posi- 

tion till hardened by means of pledgets of absorbent cotton. Alcohol was the 

hardening agent employed. The result has been to disclose features which are 

not seen without special preparation. Points illustrated are, 

a. The massive, hypertrophied pilea. 

b. The pons and the peduncles of the cerebellum. 

c. The caudal part of the postvermis, part of pyramis, uvula, nodulus, and 

vallecula. 

@. The kilos, (valvula semitlunaris, postvelum, hinteres Marksegel.) 

e. The metatela and plexus. 

fj. The cestus. 

g. The metapore. 

A. The eighth nerve. 

z. The oblongata. 

7. The flocculus and paraflocculus. 



NOTES; ON, CHILD) /EXPERIENCES. 

By C. L. Herrick. 

I,—ANTHROPOMORPHIZATION OF NUMERALS. 

A phenomenon not unlike that of pseudochromesthesia has 

recently come under our notice which may warrant a brief de- 

scription. For lack of a better term we have used the self- 

explanatory, if portentious one that forms our heading, believ- 

ing that the process described is but one of many indications 

of a tendency existing at.a certain age in most children to pred- 

icate of inanimate things, and even the most unlikely phenom- 

ena, human characteristics and feelings. It would lead too far 

to enquire whether this undoubted tendency in the course of 

ontogeny is the condensed epitome of a similar state in the 

phylogeny of the human race, though analogy points strongly 

in that direction. The writer, though reared in almost absolute 

seclusion in a family as free as possible from any trace of super- 

stition, can recall a period in early childhood when this ten- 

dency toanthropomorphization was very powerful and embraced 

nearly the whole range of his experience. Not only was he 

accustomed to lie literally on the bosom of the earth listening 

to fancied responses to his unexpressed emotions, but the vari- 

ous places frequented acquired each its peculiar feeling-value. 

The first bare sports in Spring had an intense emotional prop- 

-erty and were themselves conscious of their approaching libera- 

tion. Stones with peculiar shapeand color, and especially such as 

had holes in them, became charms and fetishes to which appeal 

was had in moments of perplexity .or grief. I certainly had 

never heard of either charm or fetish and the notion seemed a 

spontaneous product of the mind. One would talk freely to 

these charms and would feel the utmost confidence in the sym- 

pathy, if not the active assistance, of the genii invoked. 
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Places at which a notable experience had occurred had ever 

after a peculiar power of sympathy ; in short, any and all inan- 

imate objects and miscellaneous happenings acquired in my ex- 

perience an emotional value and human-like character. These 

are, we doubt not, experiences common to all sensitive children, 

yet they should not be disregarded in the comparison of the 

racial with the individual development. 

The special instance to be here recorded is that of a rather 

exceptionally sensitive boy of ten years who is advanced in his 

studies perhaps a year as compared with the average. There 

are no idiosincracies and the peculiar qualities attributed to 

numerals have, as he says, been instinctive from the first. In 

general, the odd numbers always impress him as possessed of 

unpleasant or ‘‘mean’”’ attributes. He could assign no reason 

unless it was because they always made other numbers uneven 

when affecting them; at the same time, he is sure that he had 

the same ideas before he reached the subject of multiplication 

in arithmetic. The following is the list of numerals with the 

attached ideas : 

No. 1. Mean, small figure with a sour face. The face is 

visualized, having a big mouth, little eyes, a frown and a pim- 

ple-like nose. He seems to be dressed in a pleated coat. There 

are some boys who look a little like this figure, but it is not asso- 

ciated with any one especially. He is dwarfish and ‘‘ pigeon- 

toed’’ with bow-legs. The impression is of something insig- 

nificant and he does nothing but stand up straight and look at 

one. He is mean, perhaps, because he does not add to the 

value when multiplied by. 

No. 2. A good little figure, trying to make things even. 

No. 3. Mean; cheats other numbers and makes them 

uneven when multiplied. Has a face like No. 1. 

No. 4. Good little number with a grin on his face. Al- 

ways trying to help somebody. 

No. 5. Little old man with an unpleasant face, sneaking 

up behind trying to injure someone. 

No. 6. Just like No. 2, an invisible spirit trying to do 

good. , 
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No. 7. Bad number, trying to be good but always fail- 

ing. Is redeemed in part by the fact that when multiplied by 

2, he becomes even. 

No. 8. Like No. 2. Always liked. 

No. g. A soldier (this probably because the boy form- 

erly amused himself by converting the figure into a skeleton sol- 

dier). The character was always supposed to be ‘‘ mean.”’ 

No. 10. Big old man with a white beard and snowy locks. 

Of a benevolent disposition and always smiling. 

No. 11. Jolly, happy-go-lucky individual, with an idiotic 

grin, equally ready to go on either side. 

No. 12. Stern old fellow, always on the right side. 

Wow) Means dike Nowa 

INO. 0% © “Sneak; 

No: ‘Loo: Like No. 10: 

While there is no doubt that some of the coloring of the 

associated feelings has arisen from the difficulties of use in 

arithmetic and from the struggles with the tables, yet the evi- 

dence is good that these ideas date from an early period and 

are fairly constant. The same boy habitually regards a pro- 

cess in arithmetic as a battle in which the figures are engaged 

on opposite sides. 

It may be added that the effect of the extreme tendency 

to predicate human attributes to objects and to introduce the 

anthropomorphic element into experience is apparently bad, 

tending to lead the child to shift responsibility and perhaps to 

become morbid and fatalistic. This tendency may persist long 

after the individual has ceased to have any real faith in the ideas. 

Solitary children are especially exposed to the evil and are like- 

ly to acquire the associated habit of talking to themseves which 

tends to perpetuate it. Improper religious teaching is also a 

prolific source of this evil, which, in its last extreme, is relig- 

ious insanity, so-called. 

IJ.— HALLUCINATIONS OF VISION IN CHILDREN. 

It is probable that visual hallucinations are much more 

common among children than among adults. The plasticity of 
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the childish organism makes it especially subject to transitory 

but vivid excitement. The child will usually say nothing about 

these visions for fear of ridicule, as adults seem prone to turn 

the inner life of a child to sport and thus not rarely destroy the 

germs of the most priceless of faculties. Even if the child re- 

ports the hallucination it is regarded as simply an unusually vivid 

dream. 

The difficulties in securing reliable evidence here are great - 

indeed, but so they are with adults. Take the familiar attempt 

to discriminate between those who areand those whoare not good 

visualizers: the answers come promptly enough, ‘‘I see the objects 

of recollection just as if they were before me, only the outlines are 

dim as if the objects were imperfectly lighted.’’ Now we may 

be pretty confident that they do nothing of the sort. <A few 

questions will convince us that the subject is incapable of dis- 

criminating between a mind picture anda visual projection. 

That such a power exists in exceptional cases is undeniable, but 

that it exists so commonly as recent tabulations seem to show 

we hold to be a patent fallacy. The writer has avery good 

visual memory and is very dependent upon it, in fact most of 

the mental processes are based on visual accompaniments, yet 

he was surprised to find, some time since, that the power of 

voluntary visual projection does not exist to any appreciable 

extent. When I recall a familiar object the first seeming is as 

if I had actually seen the objet through a haze, but more care- 

ful analysis shows that the mental picture is something entirely 

different from the visual picture. It will be found that these 

mind pictures are bundles of attributes, or rather the elemen- 

tary states of feeling which habitually accompany the sight of 

the object in question. 

In ordinary experience all of the commonly associated 

feelings appear in the reproduction giving to the producta spur- 

ious identity with the primary percept. Of course if absolutely 

all were so reproduced the absence of the actual visual image 

could not be detected, but the partial or imperfect return of 

these feelings gives to the product its hazy character. In 

dreams, on the other hand, the feelings reproduced are in ab- 
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normal groups and at once betray their non-visual character 

when judgement is allowed to act. 

The hallucinations of childhood are quite distinctly visual 

and are located in or beyond the eyeballs. They are involun- 

tary, though they may be caused to tarry a moment by close 

attention or may be dissipated by a sudden motion. During 

much of the writer’s boyhood these hallucinations were a very 

frequent occurrence immediatly after retiring, and, even ata 

later time, they served to mitigate the slow torment of insomnia. 

In this case the pictures were quite generally landscapes in their 

natural colors and so vivid and charming as to give great 

pleasure. 

These views rarely or never contained recognizable ele- 

ments from actual experience nor could there be traced any as- 

sociation with real or imaginary places. Sometimes the images 

were of faces and the expression varied with kaleidoscopic fre- 

quency. Indeed there are many analogies with the transforma- 

tions which are occasioned in one’s cloud pictures by the 

changes in the forms of the clouds. The two phenomena have 

this in common also that there is in each case an objective occa- 

sion—a genuine sense irritation. In the case of the dream 

hallucinations this irritation seems to be furnished by the con- 

gested blood-currents in the retina or within the eye ball. The 

common belief that a pathological condition is necessary to the 

production of a great work of genius has this much of truth 

in it, that the minute subjective stimuli due to irritation of 

whatever kind, tend to form nuclei about which the fancy builds 

as it does with the cloud materials, though in either case there 

is the constructive imagination to be admitted as the prime 

factor in a work of art. 



THE CEREBRAL FISSURES OF TWO PHILOSOPHERS; 

CHAUNCEY WRIGHT AND JAMES 

EDWARD OLIVER. ! 

By Burt G. WILDER. 

These men were recognized as superior in character and 

mental power. They were mathematicians, and thought deeply 

upon the broadest questions. Wright was more of a writer 

and general critic; Oliver was more of a teacher of advanced 

mathematics. The latter was slight in frame and alert in action. 

The former was large in person and slow of speech and 

movement. 

Wright’s brain weighed 1516 grams (53.50 0z.), Oliver’s 

1416 (49.94). Although above the average of male brains 

(about 1400 = 49.4), greater weights are not uncommon, even 

among less intellectual persons. In both, the frontal region is 

unusually high and wide; the unprecedented squareness of 

Wright’s suggests some fost-mortem pressure, of which, how- 

ever, there is no record. In both, the supertemporal fissure is 

larger than common. Oliver’s fissures present several individ- 

ual variations of the common type, but none comparable with 

the two rare conditions in Wright’s already noted by Dwight 

(Amer. Acad. Arts and Sciences, Proceedings, XIII., 210-215, 

1877) and the writer (Jour. Nerv. and Mental Disease, XVII., 

753-754; Amer. Neurol. Trans., 1890; ‘‘Ref. Handbook Med. 

_-Sciences,’”’ VIII., 158-159, IX., 108). The complete interrup- 

tion of the central fissure has been observed in a dozen or more 

cases. The simplicity of the fissures, and the width and flat- 

ness of the gyres are paralleled in the Cornell collection only 

in the much smaller brain of an unknown mulatto (No. 322, 

1 Abstract of a paper presented to the American Neurological Association, 

June 7, 1895. 
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Ref. Handbook, VIII., Fig.4767). Some approach to this condi- 

tion occurs in Ruloff, a murderer (No. 965), and perhaps in a 

German shown by Wagner (‘‘ Vorstudien,” Taf. VI., Fig. 2) 

aitertiuschke, (‘“Sehadel, Hirn.und Secle, Taf. V., Fig. 2). 

If fissural simplicity and gyral width and flatness are fam- 

ily characteristics or correlated with Wright’s mental and physi- 

cal deliberateness, then light may be thrown upon the problem 

by the conditions to be observed in his blood-relations or in 

others similarly ‘‘ slow but sure”’ in thought, speech and act. 

Since a close mate for the brain of Chauncey Wright has not 

been found in that of James Edward Oliver the contemplated 

full account of it need not longer await the death of other 

moral and intellectual compeers. Such exceptional cases will 

always command attention. But all estimates of the extent 

and significance of their peculiarities will be only provisional 

until the careful comparison of many average brains supplies 

one or more types or standards. This necessity should be kept 

in the public mind. 



FORMALIN FOR THE PRESERVATION OF BRAINS. 

(Preliminary Note.) 

By Pierre A. Fisu, D. Sc. 

Instructor in Neurology, Etc., Cornell University, Ithaca, N. Y. 

In October 1893 I published* a method for preserving the 

brain, which had for its objects a minimum of distortion, rapid- 

ity of action and economy. It was known as the Zinc-Glycer- 

ine method. The zinc chloride was added in order to effect a 

differentiation between the alba and cinerea, and the glycerine 

to increase the specific gravity of the fluid so that the brain 

might be supported. 

Experiments with formalin (40 per cent. formic aldehyde) 

show that practically as good results may be obtained at less 

cost when the following mixture is employed : 

Water, : : «np LOGOLEC, 

Formalin, 40 per cent., 50 cc. 
Sodium chloride, . 100 grams. 
Zine chloride). 15 grams. 

The specific gravity should be about 1.05. In practice the 

brain is left in this mixture for a week or ten days (a longer stay 

is not detrimental) and when practicable the cavities and blood 

vessels are injected with the same mixture in order to insure a 

more uniform hardening. The specimen may then be trans- 

ferred to I per cent. formalin (water, 2000 cc., formalin, 50 cc.) 

and ‘may remain in this solution indefinitely, if the jar be kept 

tightly covered; or if it is to become a museum specimen it 

* Wilder Quarter Century Book, 

Water, : 5 400 cc. 
95 per cent. Alcohol, 5) (400) CC. 
Glycerine, : 250 cc, 
Zinc chloride, : 20 grams. 
Sodium chloride, . 20 grams. 
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may, after a week in the second solution, be removed to 50 per 

cent., 70 per cent. and 90-95 per cent. alcohol for final storage. 

An objection to the use of the formalin solutions for mu- 

seum purposes would be the large proportion of water present, 

which would freeze at low temperatures and cause injury to the 

specimen or jar containing it. Since formalin is readily miscible 

with alcohol, as well as water, enough of the former might be 

added to prevent the freezing, say equal parts of 95 per cent. 

alcohol and 1 per cent. formalin; the exact proportions have 

not as yet been determined. 

After an immersion of two weeks in the formalin solutions, 

a human brain lost only 6.8 per cent. of its weight; but after 

an immersion in 50 per cent. alcohol for eight days and an im- 

mersion for an equal length of time in 70 per cent. alcohol, a 

total of sixteen days, it was found to have lost 22 per cent. of 

its first weight. A monkey brain after an immersion of eight 

days in the formalin mixture lost 5.4 per cent. of its weight ; 

continued immersion in the same fluid for eighteen days longer 

caused a loss of less than 2 percent. A fox brain was im- 

mersed ina similar mixture for five days and lost’6.5 per cent. 

of its weight; it was left in the same mixture eighteen days © 

longer and lost 2.3 per cent. more of its weight. The brains 

were firm and in excellent condition for dissection. 

The second, or 1 per cent. formalin solution redissolves any 

of the sodium chloride that may remain inthe brain, which is an 

advantage if the specimen is to be treated with alcohol, as the 

latter does not dissolve the salt. The brain should not be put 

from the formalin solution immediately into the strong alcohol 

as the tissue will shrink very materially. 

Brains hardened by the above mentioned methods do not 

dry readily ; even alcoholic brains after soaking for a time in the 

formalin solution do not dry quickly, which is a decided advan- 

tage for class-room work. 

The preparation recently introduced under the name of 

Formalose I have not yet had an opportunity to experiment with. 

The formalin hardened preparations are not so firm as those 
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that have been treated with alcohol; but they seem to possess 

a greater amount of toughness and elasticity. 

Note.—The following points are added at the suggestion of Prof. Wilder: 

1. The pia may be removed more conveniently before the brain is put into 95 

per cent. alcohol. 2. When first placed in the 95 per cent. alcohol a hemicere- 

brum or half-brain should rest upon its mesal and approximately flat surface for 

at least two days; otherwise some lateral flexure will occur. 

When the percentage of formalin is mentioned in this article it refers 

to the per cent. of formic aldehyde present. 



THE PHYSIOLOGICAL CONDITION OF 

CONSCIOUSNESS. 

By Dr. Paut Carus. 

Professor C. L. Herrick has favored my article on ‘‘ The 

Seat of Consciousness’”’ with a reply, stating the main objec- 

tions to my theory, which are in brief as follows: (1) He re- 

gards my definition of the words ‘‘ feeling” and ‘‘ intelligence ”’ 

as unacceptable ; (2) he maintains that upon a dynamic theory 

of consciousness (such as I suggest) there is no need of a spe- 

cial organ, and if a co-ordinating mechanism were needed, the 

corpus striatum could not perform the function; the anatomical 

appearance, he says, is misleading ; there are various masses of 

fibres passing through it in various directions which give to it 

the spurious character of a co-ordinating centre, but in fact it is 

almost structureless; (3) he insists that ‘‘the unity discovered 

‘by all psychologists in consciousness is not like any physio- 

‘logical unity we know of. It has for its peculiarity that which 

‘separates it foto celo from all physical processes in its intimate 

‘‘and conditioning relation to our own existence. ; 

‘“‘The felt unity of consciousness has no necessary relation to 

‘‘any observed physiological unity and the selection of an organ 

‘«becomes a superfluity.” 

As to the first objection I would say that the term ‘“ feel- 

ing ’’ in the sense which I use it, is a legitimate extension of the 

popular meaning of the word; it is almost commonly ac- 

cepted by the most prominent physiologists and psychologists 

of Germany, and I dare say also of England. I cite Helm- 

holtz, Hering, Meynert, Wundt, Bilroth.’ 

’ 

1] happen to have a passage before me in the posthumous essay of the last- 

mentioned on music in the Deutsche Rundschau, (Vol. XXI, No. 1, p. 98) in 

which he says: ‘‘ Ein Sinneseindruck kann empfunden werden ohne dass er 

zum Bewusstsein kommt. Wenn man einen enthaupteten Frosch mit einer 

Pincette kneipt, so zuckt das Bein; wir nehmen deshalb an, das der Frosch- 

rumpf emfindet, sprechen ihm aber das Bewusstsein ab,’’ etc. 
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Professor Ziehen is an exception ; he defines feeling as ‘‘a 

presentation to consciousness’’ and thus, on mere logical 

grounds, ridicules the idea of unconscious feelings. Aside from 

Ziehen and his class there is a fair agreement on the meaning of 

the word as ‘‘an element of consciousness”’ ; and Professor C. 

Mercier, in Hack Tuke’s Dictionary of Psychological Medicine, 

speaks in the same sense of consciousness (see sub voce ‘‘ Con- 

sciousness ’’) as ‘‘a bundle of feelings.”’ Professor Herrick de- 

fines feeling as ‘‘an affection or state of consciousness ”’ 

which definition he regards as of ‘‘ almost universal usage ”’ ; 

but I submit that this definition implies a theory which Profes- 

sor Herrick would scarcely sanction; it implies that conscious- 

ness has an existence in itself and that feelings are its various: 

states or affections. This seems actually to be Ziehen’s idea, 

for if feelings are states of, or presentations to, consciousness 

and not parts or elements of consciousness, it would indeed be 

absurd to talk of unconscious or even subconscious feelings. 

Consciousness, however, is not a thing in itself; it is not a unity 

but a unification, or, as Wundt says, not an Azxzheit, but an Azn- 

hewtlichkeit. Its elements can exist also in isolation ; and when 

they are no longer co-ordinated in a special way, consciousness 

ceases, while the elements of consciousness may continue to ex- 

ist... There is no entire eradication of all sentiency. “if, asvia 

sleep, consciousness is obliterated. 

While I believe myself to be in agreement with the leading 

psychologists as regards the usage of the term ‘‘ feeling,” I 

confess that my usage of the term ‘‘intelligence’’ may be a 

departure from the traditional usage of the word.  ‘‘ Intelli- 

gence’’ is frequently used as a synonym of ‘‘ consciousness ”’ 

or ‘‘conscious knowledge” in the sense of ‘‘noting” or 

‘¢minding,’’ while to me its essential quality is the methodical 

interrelation which is, or can be, established between mental 

images. It is a fact that long chains of reasoning frequently 

take place unconsciously, yet are they performed for some defi- 

nite purpose and may legitimately be called ‘‘intelligent”’ ; 

they conform to the rules.of logic, and determine in an appro- 

priate way conditions in our objective surroundings. Whether 
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or not my definition be acceptable need not concern us here, for 

we do not quarrel about words. Suffice it to say that it seemed 

to me desirable to state the difference between consciousness 

and intelligence or mentation, the former being the state of 

awareness in feeling, sentiency, or knowledge of self-existence, 

while the latter is the psychical equivalent of cerebration or the 

interaction of.memory-images which may remain unconscious 

and often becomes conscious only in parts or in its results alone. 

Unconscious mentation is not a mere physiological process ; it 

is also a psychical factor, for if it were psychically a nonentity 

how could it have any psychical effects? How could we, for 

instance, have a ‘‘summation of irritations’’ (Summation der 

Retze?) There is a rich subconscious psychical life and there 

are some subconscious feelings, thoughts, and sentiments which 

are never brought into the realm of consciousness, in other 

words, which remain utterly unconscious. 

In reply to the second point, I grant the probability that 

no special organ of co-ordination may be needed for a dynam- 

ical theory of consciousness. The co-ordination of feelings, it is 

quite true, constitutes the fact of consciousness and their co-or- 

dination may not be specialized in one and the same place. 

Here I have to say that I do not think that consciousness has 

its seat in any local centre which would remain conscious even 

though the rest of the organism were removed. The term 

‘‘seat of consciousness’ is apparently misleading, and I almost 

regret having used it. I feel inclined to avoid it henceforth. 

By ‘‘seat of consciousness’’ I understood merely that organ 

by which through some kind of mechanical arrangement the 

connections between the memory-images are established so as to 

produce by their interaction the condition of consciousness. 

If we compare the sense-organs to the receiver, or ear 

piece, in the telephone, the wires to the nerves, and the muscles 

to the recipient or mouth piece at the other end, the seat of 

consciousness so-called must be looked for in the central office 

where the connexions are made. All similes have their draw- 

backs, and it is understood that this comparison is correct only 

as a rough analogy of the main process of transmission. There 
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are, however, some important differences: first, there is the 

clerk in the central office who attends to the connexions at the 

request of the person at the mouthpiece who announces a mes- 

sage for some one atthe other end, while there is no such 

being in the soul of man; there is no ego-entity who manages 

the interconnexions among memory-images. Secondly, the 

person who speaks at the receiver is the willing agent, while the 

various numbers of the wires which at the central office are 

interconnected are as dead as door nails. In the soul the mes- 

sage received by the sense-organs comes from the surrounding 

world and need not be the voice of a sentient being. It may 

be a ray of light or the noise of rolling thunder, or the smell 

of a dangerous gas, or any kind of impression which need not 

represent the will of a purpose-pursuing creature. On the 

other hand the wires and numbered keys of the mind are all 

aglow with life; they are sentient memory pictures, mostly 

fused into composite images, thus representing generic concepts 

and if a call is made upon them through any one of the senses, 

they feel themselves appealed to, according to the nature of the 

call and their own nature, and the kinship that obtains between 

both and are always ready to start the action of the muscles 

attached to them. They are automata in the original sense 

of the word automaton; viz., they are ‘‘self-acting.’”” Every 

one of them is attuned toa certain kind of irritations and re- 

sponds automatically to its correspondent appeal. There isa 

third difference, and it is of importance, as here the difficulty 

of the physiological condition of consciousness appears. In the 

mind as well as in the telephone system, many intercommunica- 

tions may take place at the same time. A person attends toa 

number of little and great things simultaneously in response to 

various sense-impressions, but one only rises into clear con- 

sciousness. Two men may be absorbed in an interesting dis- 

cussion. But while their whole attention is concentrated upon 

the subject of their talk, they may walk together, they may re- 

spond to the recognition of passing friends, and avoid obstacles 

in the road. They may attend to hundreds of little things 

which remain unheeded, for unity is a law of our psychical or- 
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ganization and nothing but one idea, one purpose, or one action 

can ata time be illuminated by that state of mind which we 

call consciousness. The reason which we can find for it lies in 

the fact that consciousness is nothing but feeling in the focus of 

attention ; and attention is concentration or unification, which 

latter is imposed upon a mind by the need of a concerting co- 

operation of all the organs of an organism in pursuing a spec- 

ial purpose. 

Now the question is, What is the physiological condition 

of this psychical unification of feelings? How is the converg- 

ence of attention attained ? 

I do not mean to enter into details, nor do I wish to re- 

peat myself, but it seems to me certain that the hemispheres 

are constantly doing an enormous amount of cerebration which 

remains utterly unconscious. Hemispheric activity, accord- 

ingly, cannot eo zpso constitute consciousness. The problem 

is, What additional function raises the work of one hemispheric 

structure into the sphere of all-dominant attention ; and I be- 

lieve that the corpora striata play an important role in the con- 

summation of consciousness. They are ontogenetically a part 

of the hemispheres and are very early differentiated from the 

cortex. Their tissue is usually delicate and richer in capil- 

lary blood vessels than any other part of the brain. In addi- 

tion to the fibres that pass through them, there are connexions 

with the hemispheres. The corpora striata possess terminal 

stations similar to those in the cortex, and from them the decus- 

sating pyramidal tracts of involuntary motions start, while the 

involuntary reflexes possess paths of their own directly descend- 

ing from the thalamus. What isa voluntary motion if nota 

consciously willed reflex? To say, as Meynert does, on the 

basis of undisputed anatomical and physiological facts, that the 

corpus striatum is a ganglion of voluntary motion, implies that 

it is nothing but a deliberate preparation for action, i.e., volun- 

tary motion. 

In addition to these arguments, it is noteworthy that the 

development of the corpora striata is always proportionate to 

the cortical development. Meynert made the observation that 
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in mammals the powerful increase of the hemispheres is accom- 

panied with a simultaneous and not less powerful increase of 

the corpora striata, while in all the lower creatures whose psyche 

is little developed the corpora quadrigemina and the thalami optict 

(the organs of instinct-reflexes, and involuntary motions) are of 

an extraordinary size and play the most important part in the 

nervous system. ! 

I do not say that the corpora striata are the seat of con- 

sciousness in the sense of being a localisation of the functions 

of awareness, but only indicate thereby that by their co-opera- 

tion or super-added function the activity of some part of the 

hemispheres is so intensified as to become illuminated by con- 

sciousness. I know that I propose a theory which is not 

proved, but I submit it to further inquiry and shall not be 

ashamed to give it up when confronted with facts that dis- 

prove it. 

I owe to Dr. Adolf Meyer of Kankakee a bibliography of 

the subject, which with his permission I insert here, as it may 

prove useful to those who wish to inform themselves on the 

function of the corpora striata. 

1This sentence is an almost literal reiteration of Exner’s resumé of Mey- 

nert’s view which appears in his Phystologischen Erklérung der psychischen 

Lrscheinungen, 1894, p. 26. He says: 

‘¢ Wir diirfen vermuthen dass die genannten Ganglien der anatomische 

Ausdruck jener physiologischen Erscheinungen (der Willkiirbewegungen) 

sind,” etc. As tothe connexions of the cortex with the great ‘‘Stammgang- 

lien” Exner says in the same booklet, p. 341 ‘‘ fiir Linsenkern und Schweifkern 

wurde das bezweifelt, aber in neuerer Zeit wieder bestitigt.”’ I need scarcely 

add that Exner still shares the traditional opinion that consciousness has its 

seat in the cortex. Prof. J. Dejerine, in his beautiful work <Azatomie des Cen- 

tres Nerveux, 1895, Vol. 1, pp. 110-118, and 360-376, also mentions connexions 

of the corpus striatum with both the cortex and lower regions of the nervous 

system. Edinger, too, proves for certain that there are connexions at least 

between the striate body and the thalamus. Meynert’s proposition has been 

conjectural, but, says Edinger, he has upon the whole been right in his divina- 

tions. Edinger’s resumé is stated as follows : 

“‘Linsenkernschlinge und Caudatusfaserung entsprechen dem _ basalen 

Vorderhirnbiindel der niederen Vertebraten.’? See Verhandlungen der Anatom- 

ischen Gesellschaft. Eighth Meeting, Strassburg i. E, 1894. 
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BAGINSKY, A. and C. LEHMANN. Zur Function des Corpus striatum (nucleus cau- 

datus) ; experimentelle Studien. Virch. Arch. 106, 258-281. 

Adult rabbits and young cats. (Suction method.) 

1. Removal of cortex; lessened tension of extremities involved; gen- 

eral excitement. Recovery. 

2. Cortex and marrow, same symptoms. During suction movements of 

mastication, head turned to side of operation. No special symptoms 

when ventricle was opened. 

3. Irritation of uncovered corp. striata, rapid increase of temperature 

lasting 41.6°. No imperative running. 

4. Destruction of nuclei caudati, excessive excitement without Laz/tried, 

Rapid rise of temperature. Complete recovery. Loss of muscular 

sense increases with depth of operation. 

BIANCHI and D’ABUNDE. Die in’s Gehirn und Riickenmark herabsteigenden 

exp. deg. als Beitrag zur Lehre der cerebralen Lahmungen. N., Cbl. 

1886. 385, Jan. 

B. BRAMWELL. Case of cancer of the right lobe of the cerebellum and left 

lenticular nucleus; marked vertigo; no paralysis. Brain, 1888. 

BumM. Ueber ein bisher noch selten beobachtetes Markbiindel an der Basis 

des Mensch]. Gehirns. Arch. f. Psych. XIII. 1882. 

DALTON, I. C. On the form and topographical relations of the corpus striatum. 

Brain, Vol. IV, 1880. 

DEJERINE. Sur un cas d’hémianésthésie de la sensibilité générale, observé chez 

un hémiplegique et relevant d’une atrophie du faisceau rubané de 

Reil. Arch. de Phys. n. et path., 1890. Lesion of lenticular nucleus. 

EDINGER, L. Zur Kenntniss des Faserverlaufs im Corpus striatum. Neur. 

Cbl. 1884. 

EDINGER, L. Uber die Bedeutung des Corpus striatum. N. Cbl. 1887, p. 334. 

Das basale Vorderhirnbiindel und das Corpus striatum in niederan 

Wirbelthieren. Spat markhaltig (nicht markhaltig in Larven die schon 

ganz selbstandig leben, und demnach Bewusstsein haben diirften). 

Eine basale Opticuswurzel in der Gegend des Corpus mammillare. 

EDINGER. On the importance of the corpus striatum. J. of nervous and men- 

tal Dis. XIV, 1887. 

W. HALE WHITE. Report on the influence on the bodily temperature of lesions 

of the corpus striatum and optic thalamus. Brit. Med. J. 1889, p. 1401. 

In rabbits. Cp. Horsely on opt. thal. 

HEBOLD. Welche Erscheinungen machen Herderkrankungen im Putamen des 

Linsenkeunes. Arch. f. Psych. XXIII. 

64. Tremor of right extremities, later also of left, following an attack 

of dizziness. Senile dementia. Brain, 1120, Hydrocephalus, Hydro- 

myelia. Small foci of softening in right putamen. 
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72. Tremor of hands and legs; anterior sclerosis. Haemorrh. soften- 

ing in both lenticular nuclei. 

73. Senile melancholia, small apoplectic cyst of left lenticular nucleus. 

No symptom. 

70. Chronic halluc. paranoia—pea sized cyst in left putamen, larger 

than in the other cases—no symptoms. 

E. A. Homen. Eine eigenthiimlische Familienkrankheit, unter der Form 

einer progressiven Dementia mit besonderan anat. Befunde. N. Cbl. 

1890. p. 514. Begun at the age of 20, 21, and 12; duration 6-7 years. 

Dizziness, heaviness, and pain in head; prog. dementia. Contratures, 

etc. Cp. Arch. f. Psych. 1892. Atrophy of cortex and softening of 

lent. nucleui. Atrophy of liver. 

Hutcurnson. A case in which paralysis of the sphincters and incontinence of 

urine were together with torpid intellect, the chief symptoms of sym- 

metrical disease of the corpora striata. Brain, 1887, July. 

Journtac. Hémorrhagie du noyau lenticulaire, Ann. méd.-psych. 1891. 

Mai-juin. 

70. Slight melancholia 10 years ago. Melancholia with imperative 

ideas for several months. No symptoms of motility or sensibility; 

pupils very narrow. 

P. M. Rather fresh haemorrhagic focus of size and form of an almond, 

occupying the two ext. portions of nucleus lenticularis. Int. capsule 

free. Nosymptoms. Relation to melancholia or rather to imperative 

ideas insisted upon. 

KATSCHANOWSKY. Ueber die oculo pupillaren Certren. Med. Jahrb, k.k. Ges. 

Wien. 1885, N. Cbl. 1886. 53. 

KOWALEWSKY. Das Verhiltnis des Linsenkerns zur Rinde. Sitz. d. Wien. 

Acad. 86 Bd. 1882. 

MARCHI. Sulla fina anatomia dei corpi striati e dei Talami ottici. Riv. sperim. 

di Fren. 1886. 

MEYNERT. N. Cbl. 1896. p. 456. Naturf. Vers. Berlin. Legt. besonderes Ge- 

wicht auf die Einstrahlung der fusseren Kapsel in den Linsenkern, 

und auf die Verfolgung des Tr. opt. in den Thal. opt. Nahe Bezie- 

Z hung des Thal. opt. zu den centripetalen Bahnen, Legt Verwahrung 

ein gegen die Auffassung des dusseren Abschnittes des Linsenkernes 

als einer der Rinde gleichwertigen Hirnpartie. Epilepsie nicht 

cortical. 

STEPHEN. Les tremblements prae-posthémiplégiques. Rev. de Med. 1887, p. 

204. Always accompanied by lesions of pulvinar and post. part of 

post capsule or one of these points. 
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ZUCKERKANDL. Riechcentrum. Corpus striatum motorisches ganglion. Man- 

delkern hat nichts mit Riechcentrum zu tun.} 

In addition to the literature on the subject, Dr. Meyer in- 

forms me that he had of late an interesting post mortem of an 

old epileptic dement, with extensive destruction of the centrum 

semi ovale and lenticular nucleus, the secondary degenerations 

being exceedingly extensive, and, be it incidentally mentioned, 

adding new information to our knowledge of the brain. 

Dr. Meyer does not agree with my theory of conscious- 

ness ; nevertheless the facts which he kindly furnished me are, 

to say the least, not unfavorable to my view. The diseases of 

the various regions of the corpus striatum are attended with 

vertigo, dementia, paranoia, torpidity of intellect, or melan- 

cholia—all of which may be disturbances of the function of co- 

ordinating and focusing the various elements of consciousness. 

As to the third point, I may not understand Prof. Her- 

rick’s objection, but even in case there should be no organ of 

co-ordination in the brain, there ought to be physiological 

conditions on the presence of which the appearance of con- 

sciousness depends ; and the problem of the nature of the con- 

ditions is not ‘‘removed from the field of possible investiga- 

tion.” The ‘‘fe/¢ unity of feelings’’ which we call conscious- 

ness, must have a definite relation to some physiological state, 

and it must be possible to describe the mechanism of the phy- 

siological operations required to bring about that attitude of an 

organism, the psychical equivalent of which is consciousness. 

Consciousness is undoubtedly the result of a co-operation of all 

parts of the organism. If a man concentrates his attention 

upon the sense of a sentence which he reads, the retina of his 

eyes, the centre of vision in the occipital lobe, the centre of 

language in the left hemisphere, the oculomotor nucleus in the 

brain stem, the voluntary centres of the corpora striata which 

1Dr. A. Meyer should have included in this list his own investigations 
‘‘ Ueber das Vorderhirn einiger Reptilien,”’ Zectschr. fiir wiss. Zoologie, 1892, 
Leipzig, Engelmann; and ‘‘Zur Homologie der Fornixcommissur und des 
Septum lucidum bei den Reptilien und Saugern. Amat. Anz., X, 15. Fischer, 
Jena. 
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adjust the motions of the hands, the involuntary centres in the 

thalami, are all engaged in the process and none of them can 

be dispensed with. As the most central of them we regard the 

voluntary progress of directive impulses, which to an unsophis- 

ticated self-observation appear as the deliberate decision of a 

free will upon which the motions of the lower centres depend. 

They represent the focus of consciousness and the few facts 

that are well ascertained suggest the idea that the corpora striata 

are the organ of this voluntary directive activity. 
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INTRODUCTION. 

This investigation was made in the anatomical laboratory 

of Cornell University. I am glad to acknowledge my in- 

debtedness to the Anatomical Department for the material and 

facilities placed at my disposal: To the members of the De- 

partment, and particularly to Prof. Wilder and Dr. Fish under 

whose immediate supervision the work was done, I wish to ex- 

press my appreciation of their interest manifested in it; the 

former put into my hands all his unpublished notes and draw- 

ings as well as numerous preparations of the brain made in 

1873 and 1874. To Prof. Gage Iam under deep obligation 

for material kindly obtained for me from Prof. Whitman of 

Chicago University and for suggestions as to methods. The 

series of sections through the brains of Dzemyctylus and Desmo- 

gnathus, which I have been enabled to examine by the kindness 

of Mrs. Gage and Dr. Fish have also been of great service to 

me. Numerous valuable suggestions have been gained from 

the discussions of the Neurological Conferences. 

It is somewhat surprising that, although extended investi- 

gations have been made upon the nervous system of various 

urodeles by numerous anatomists, neither the brain of. Vecturus, 

nor, indeed, that of its European relative, Proteus, have re- 

ceived more than a very fragmentary treatment. The import- 

ance of these forms is obvious and has been recognized in the 

attention given to other parts of their structure. They are the 

lowest Amphibia, generally so regarded, and their perenni- 

branchiate condition suggests at least the presence and 

persistence of what in other forms are larval peculiarities 

merely. Further, Necturus presents in its availability and the 

convenient size of its brain,—neither too large for convenient 

microscopic examination nor too small for macroscopic obser- 

vation,—characters making it also well suited for the elucida- 

tion of the numerous problems connected with the amphibian, 

and particularly the urodele, brain. Therefore a somewhat 

complete treatment of this form would seem desirable. 

~~. a =~ Ch yg 
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Nectusus is known to the literature of Neurology through 

the publications of Spitzka, Wilder, Osborn, Herrick and Fish, 

the attention it has received being largely confined to the inter- 

esting question of the presence of a callosum in Amphibia. So 

far as is known to the writer, Wilder (’84, 1) was the first to 

publish figures of any detail of the brain of Necturus. Because 

of its simplicity it was employed by him in a lecture delivered 

before the Alumni Association of the College of Physicians and 

Surgeons, New York, February 4th, 1884, to illustrate the 

relations of the cavities and segments of the brain. It was one 

of the forms discussed by Osborn (’86) in his memorable papers 

on the ‘‘Origin of the Corpus Callosum’’; in his subsequent 

article, ‘‘A Contribution to the internal Structure of the Am- 

phibian Brain” (’88 ) the structure of the brain is discussed in 

conjunction with that of Cvyptobranchus. Herrick’s contribu- 

tions to the structure of the brain of Mectuwrus occur in the valua- 

ble papers by him in this journal, on the comparative 

morphology of the central nervous system. The men- 

tion by Fish (95) of the relations of certain commissures 

in Necturus is merely incidental and is in connection with the 

question of the presence of a callosum in Amphibia. The 

views of these neurologists will be frequently referred to in the 

text. 

MATERIAL AND METHODS. 

The material employed in this investigation consisted 

chiefly of numerous brains of adult Mecturz from 20 to 38 cen- 

timeters long. Cayuga Lake abounds in this form and fresh 

examples were available whenever needed. In addition to the 

adult, I have been enabled to examine a series of six larval 

Necturt, reared from the egg by Dr. Whitman of Chicago 

University. They were of the following ages and dimensions, 

' viz.,—just hatched, 4 weeks, 6-8 weeks, 3% months, 6% 

months, and 10 months, with 22.5, 30., 28., 46.5, and 49.5 

1Small and diagrammatic figures of the brain of ectwrus had been previous- 

ly published by Owen (Trans. Linnean Soc., XVIII, pl. 27, fig. 6, 1839. ) 

and by Wyman (’52) in 1852. : 
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millimeters for their respective lengths. This series was sup- 

plemented by a yet unhatched but well-developed specimen 

kindly furnished by the anatomical department. The entire 

heads of these were sectioned serially in three planes, sagittal, 

frontal and transverse, and were extremely valuable for compar- 

ison with the adult. In addition to ecturus, the brain of 

Diemyctylus viridescens, Amblystoma punctatam, and Desmogna- 

thus fusca were examined, especially for the oblongata and the 

origin of the cranial nerves, in order to confirm and _ better 

interpret the results obtained in Vecturus. For the relations 

of the brain and nerves to the skull, and of the nerves to each 

other, serial sections were made through the entire cranium; 

for the study of the form and structure of the brain itself, how- 

ever, it was removed. 

For fixing, were employed mercuric chloride and a 

mixture devised by Dr. Fish (’93) and termed picro-aceto-sub- 

limate (Formula: 50 per cent. alcohol, 1000 c. c., glacial acetic 

acid 10 c. c., mercuric chloride 5 grams, picric acid I gram.) 

The latter gave the best results. The stains employed with 

brains fixed as above, were hematoxylin with Van Gieson’s 

picro-fuchsin as a contrast stain which gave excellent effects. 

The hematoxylins employed were Gage’s (’92 ), Delafield’s and 

Herrick’s modification of Delafield’s formula; all gave good re- 

sults with possibly better figures when the last was used. Fish’s 

modification of Delafield’s also was employed with good suc- 

cess (addition of 1c. c. of glacial acetic acid and 1c. c. of a 

saturated aqueous solution of corrosive sublimate to 100 ¢. Cc. 

of the hematoxylin). For the fiber tracts were employed’ 

Weigert’s hematoxylin method, and also one which is essen- 

tially a modification of Exner’s perosmic acid method (Ober- 

steiner) the osmium being used in conjunction with platinum 

chloride and acetic acid as in Hermann’s solution. The 

stronger formula of this was used and the brain fixed for 24 

hours, washed well in water for 4-5 hours and imbedded in 

collodion as usual, cleared and cut in Fish’s castor-thyme oil 

mixture. It was found that the method could be employed 

also when decalcification was necessary, and that the blackness 

Saye 

= Tete 
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of the nerve fibers rendered the course, relation and division 

of the nerves easy to determine. It is not thought, however, 

that this method would be applicable to larger brains, on 

account of the expensiveness of the fluid and its low power of 

penetration and the brittleness of the tissue induced. It was 

most useful in the study of the oblongata and the origin of 

the cranial nerves, where the results appeared more satisfactory 

than those gained by the Weigert method; the caliber of the 

fibrers and their relations were shown with the utmost distinct- 

ness. Tissue cut in collodion by Fish’s oil method (’93) could 

be mounted without further treatment, or a delicate nuclear 

stain obtained by the use of safranin. Babes’ first solution was 

employed (Formula: concentrated alcoholic solution, 50 c. c., 

concentrated aqueous solution 50 c.c.). The staining required 

two or three minutes, and 95 per cent. alcohol was used for 

washing out; (Lee, ’93.) The shorter silver nitrate method of 

Golgi was employed in the study of amyelinic fiber tracts and 

of cells, though the unavailabity of larval material rendered the 

results less satisfactory than they otherwise would have been. 

The usual formulas for the solutions were employed and both 

double and single impregnations applied. 

ECTAL) FEATURES: 

The dorsal aspect of the brain of Wecturus has already been 

well shown by Osborn and Wilder. Its extreme length is very 

striking and the impression of a stretching betwen the myel and 

the olfactory capsules is strong. The pons flexure, which is pres- 

ent in Triton, and Diemyctylus and is marked in Desmo- 

gnathus is very slight in the adult Mecturus. The cranium 

also is not nearly filled by the brain, and the olfactory nerves 

are long nearly equalling in length the combined prosencephal 

and rhinencephal. In the larval Mectusus however, the cranium 

is quite filled by the brain and there is a decided pons flexure, 

as well as a weaker neck flexure. The adult condition probably 

indicates that the growth of the brain and skull have proceeded 

at quite different rates, and that this difference is much greater 
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in Nectusus than in the smaller urodeles' above mentioned. 

The greatest widths are at the olfactory lobes and at the 

caudal extremities of the cerebrum, at which points they are 

approximately the same, and much greater than in the parts 

farther caudad. The height (dorso-ventral diameter) does not 

vary greatly in the different regions ; it is least in the region of 

the oblongata and greatest through the infundibulum where the 

height exceeds the width. 

On the dorsum, between the caudal portions of the cere- 

brum, is the supraplexus enclosing the paraphysis. Caudad of 

this and likewise between the caudal ends of the cerebrum, is the 

diatela, bounded caudally by the habenas and at the meson by 

the supracommissure. The epiphysis is almost circular in out- 

line, lying dorsad of the supracommissure and extending caud- 

ad to the postcommissure and also slightly cephalad. There 

is no ectal distinction on the dorsum between the diencephal and 

mesencephal save possibly a slight transverse furrow at the post- 

commissure. 

Pigment is generally present on the mesencephal and ab- 

sent from the diencephal, but this distinction is not constant, 

the diencephal often being as highly pigmented as the mesen- 

cephal. 

On the ventral surface is conspicuous the large hypophysis 

attached to the caudal portion of the infundibulum. The optic 

nerves are very small and the chiasma is not superficially notice- 

able. Cephalad of this is a subtriangular space bounded by a 

whitish area marking the region of the preoptic and lateral optic 

recesses. The metencephal is simple and very long ; indeed, 

it equals in length the entire remainder of the brain. It tapers 

gradually from its widest point at the exit of the fifth nerve to 

the myel. 

The cerebellum is represented only by a small transverse 

1 The restriction af Urodela and urodele by Cope to a single order of tailed 

Amphibia is unfortunate; it leaves no convenient term that can be applied to all 

the tailed Amphibia in contrast to the Anura or tailless forms,—a convenient 

grouping, although perhaps not of taxonomic value. Urodele is used here as 

synonymous with ‘tailed amphibia.” 
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band of fibers caudad of the mesencephal. Directly caud- 

ad of this is the membranous roof of the metencephal, the 

metatela, a portion of which is occupied by the metaplexus 

which sends lateral projections cephalo-laterad on either side of 

the mesencephal. 

Pigment is plentiful in the metaplexus and supraplexus ; 

it also occurs upon the dorsal surface of the diencephal and 

mesencephal and the lips of the metaccele caudad of the meta- 

plexus. 

The meninges and blood supply of the brain have received 

but incidental attention here. As regards the former, however, 

as far as observed, the conditions in Vecturus appeared to agree 

closely with those observed by Mrs. Gage (’93) in 

Dreimyctylus. 

The blood supply of the brain in Amphibia has been 

worked out by Schobl ('82 ) and Rex ('92 ); by the former on a 

number of urodeles of which Jecturus is one. No attempt 

has been here made to verify his accounts, save that, as found 

by him, the capillary loops which penetrate the brain from the 

vessels lying on the surface, although generally stopping at the 

margin of the entocinerea, or penetrating it for a short distance 

only, were also occasionally seen to reach the layer of endymal 

cells. 
CRANIAL NERVES. 

No attempt has been made to study the peripheral dis- 

tribution of the cranial nerves; and, in fact, the apparent need 

of it, existent at the time of Osborn’s investigations, has been 

largely obviated by the later publication of Strong, Von Plessen 

and Herrick. The cranial nerves of Mectuvus have also been 

described and figured in some detail by Fischer (64), although 

some evident errors occur in his work. 

The description of the proximal relations of the several 

nerves given here is based upon a series of sections through a 

skull hardened in Hermann’s fluid supplemented by macrosco- 

pic dissections of decalcified specimens. 

I. The olfactory nerves are the largest of the cranial 

nerves and arise from the ventro-lateral angle of the olfactory 
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lobes as a single root, agreeing in this respect with Desmogna- 

thus and Amphiuma rather than Cryptobranchus, Diemyctylus and 

Triton in which two roots have been found to exist by Wilder 

(89), Mrs. Gage (’93 ) and Burckhardt (’91 ) respectively. The 

nerves are quite long, dividing soon into numerous branches 

which are distributed to the olfactory capsules. In the larva 

these nerves are short, the fibers being given off laterad direct- 

ly to the olfactory capsule which closely adjoins the brain. 

II. The rudimentary condition of the eyes in Wecturus is 

naturally’ accompanied by a similar condition of the optic 

nerves. The primitive lumen of the optic vesicle is persistent 

and the nerves are hollow for a considerable distance periphe- 

rad. This fact has been already mentioned by Osborn (’88 ) 

and Herrick (’93, 2). Furthermore, the optic fibers in Mecturus 

are entirely amyelinic, at least in their course in the optic tracts 

and the central portion of the optic nerve. This was ascer- 

tained both from Weigert and osmic acid preparations. The 

specimens were fully mature adults measuring over 30 centimet- 

ers in length. This condition in JVecturus is not, however, 

unique; Edinger (’92) found that in young frogs and in 

young adult Tritons and Salamanders the optic fibers were 

almost entirely amyelinic. 

III. The oculomotor nerve takes its origin at the usual 

point in the floor of the mesencephal. Though small it was 

always readily found. 

IV. The trochlearis could always be easily detected, but I 

was unable to trace it to its exit from the cranium. A large 

number of its fibers immediately after its decussation were 

distibuted to the metaplexus. It is possible that such fibers 

represent a sensory contingent of the 4th nerve. Gegenbaur 

(70) has stated that the fourth nerve contains sensory fibers in 

selachians and Amphibia. Strong (’90) likewise, found in the 

tadpole a sensory intracranial branch. No ganglion was 

observed, however, in Mecturus though numerous cells occurred 

among the fibers of this nerve. 

V. The trigeminus is of good size in Mecturus. It arises 

in the usual place in Amphibia and passes latero-cephalad to 
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enter the Gasserian ganglion which is situated extra-cranial- 

ly. From this ganglion arise the usual three branches, 

exclusive of several small twigs composed of fibers from the 

branch of the ‘‘dorsal’’ seventh which is associated with the 

Gasserian ganglion. 

VI. The abducens is quite small, being in fact the least of 

the cranial nerves. It arises a short distance caudad of the 

seventh, from the ventral aspect of the metencephal. It passes 

laterad to the seventh, with which it is associated for a short 

distance, though always distinct from it. It soon leaves it, 

however, to pass cephalad to the Gasserian ‘ganglion, immed- 

iately ventrad of which it lies. 

Dorsal VII. By this name, employed by Strong (’95 ), will 

be designated a nerve which until,recently has been little under- 

stood. It leaves the oblongata at about the level of the exit of 

the facial proper, and immediately divides, one branch joining 

the trunk of the seventh and eighth nerves, the other passing 

cephalad to the Gasserian ganglion, with which its ganglion is 

fused, lying just dorsad of it. This nerve becomes ganglionated 

slightly before the fifth, however. A very small bundle of 

fibers leaves it just centrad of the ganglion to join the 7th nerve 

just before it enters the ear capsule. From its ganglion two 

or three small roots pass immediately dorsad; a large part of 

the fibers pass cephalad in company with the ophthalmic branch 

of the fifth, the ramus ophthalmicus superficialis VII, Strong. 

By Von Plessen (91) and C. J. Herrick (’94) this branch to 

the Gasserian ganglion has been considered as belonging to the 

trigeminus, clearly, however, without recognition of the ulti- 

mate distribution of its fibers to the sense-organs of the lateral 

line system, as worked out by Strong. The reference of this 

nerve to the seventh is based merely on the fact of its exit from 

the brain being very close to that of the seventh proper. It 

belongs however to a system peculiar to the /chthyopsida, and 

until more is known of its origin, and of the’segmental value of 

the other cranial nerves, a reference of this nerve to the seventh 

must be merely a matter of convenience. The other division of 

the dorsal seventh will be spoken of with the following nerves. 
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VII, VIII. The facial and auditory arise very near together 

and form a single trunk which is joined by the ventral half of 

the dorsal VII and becomes ganglionated a short distance from 

the brain. From this ganglionic complex, composed of the 

acustic ganglion and the ganglion of the seventh ( geniculate 

g.) one division of the eighth passes laterad to enter the audi- 

tory capsule. A very small portion of this pierces the capsule 

by a separate foramen but immediately unites with the larger 

portion. The remainder of the acustic fibers, representing pre- 

sumably the vamus utriculz, together with the facial nerve and 

the dorsal VII, passes latero-cephalad to enter the otic capsule. 

Before it emerges there is given off the palatine nerve which 

leaves by a separate foramen. Immediately on its leaving the 

otic capsule, the seventh enters a ganglion of large cells, be- 

yond which it divides into its several branches. This ganglion 

is stated by Strong to belong to the fibers of the Dorsal VII 

component. It is not mentioned by Herrick, but is figured by 

Von Plessen. The customary communicating branch between 

the ninth and the seventh exists in WVecturus. 

IX, X. The glossopharyngeal and vagus arise by three di- 

visions, the more cephalic being the ninth and the representative 

of ‘the; lateral nerve of ‘‘fishes’’ (Strong), while themteage 

arises farther caudad by several roots in two (or three ?) groups. 

All these proceed latero-caudad to enter a ganglionic complex, 

from which six nerves emerge. 

XI. The question of how far the eleventh nerve of higher 

forms is represented in Amphibia is a difficult one. By most 

investigators a spinal accessory is not recognized in Amphibia. 

Strong, ('90) in his preliminary paper upon the cranial nerves 

of Amphibia, regarded the more caudal root of the vagus as 

probably representing the cranial portion of the eleventh; 

in his final paper, no further mention is made of the eleventh, 

and this root is there spoken of as part of the X. Mrs. Gage 

(93) and Fish (’95) both regarded the caudal root as the XI. 

The writer is inclined to believe that the cranial and possibly 

the spinal division is represented bya portion at least of this 

root. The morphological significance of the eleventh nerve is 
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however too obscure to admit of any confident homology being 

made. 

XII. The hypoglossal in Amphibia is generally described 

as formed by the union of the ventral trunks of the two nerves 

arising immediately caudad of the vagus group, to which dorsal 

roots are wanting. According to Fischer ('64) however, WVect- 

wurus forms a single exception to this rule, and the following is 

quoted from him: ‘‘Der Aypoglossus der Perennibranchiaten 

und Derotremen erinnert durchaus an die Formen der Salaman- 

drinen. Er wird tberall aus den Rama descendentes der ersten 

Halsnerven zusammengesetzt und zwar meist des ersten und 

zweiten. Nur bei Menobranchus entsteht er durch Versch- 

melzung des zweiten und dritten. Der erste Halsnerv dieser 

Gattung hat namlich einen selbstandigen Verlauf. Aus nur 

einer ventralen Wurzel entsprungen, tritt er durch ein im Seit- 

entheil des dem ersten Halswirbel angehorigen Korpers hervor, 

wendet sich dorsalwarts und verbreitet sich in dem kurzen JV, 

occipitalis minor (vom ersten Halswirbel an die obere Flache des 

Hinterhauptbeins). JJenobranchus ist ubrigens die einzige Gat- 

tung, bei der ich einen dem JV. accessorius Willisct entesprech- 

enden Nerven von ganz selbstandiger Form fand. Diesem 

Umstande entsprechend sind es nicht der erste und zweite, son- 

dern der zweite und dritte Halsnerv, die bei dieser Gattung sich 

zur Bildung des WV. hypoglossus vereingen.”” The peripheral 

distribution of these nerves was not traced sufficiently far to 

render a corroboration of the above possible. The following 

observations, however, regarding these nerves, are of interest. 

The first two nerves caudad of the vago-glossopharyngeal group, 

have in WVectuvus no dorsal roots or ganglia. They arise in the 

manner customary for the ventral roots of spinal nerves, by 

three rootlets from the ventral aspect of the myel (or oblongata), 

the more cephalic at just about the point where the neuraxis 

enters the cranium, and indeed from the oblongata, if the me- 

tatela is regarded as demarcating its extent. The second has 

its origin some distance caudad. Each nerve extends caudad 

some distance before leaving the spinal canal, and immediately 

upon issuing from it divides into two branches, one of which 
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passes dorsad to muscles, the other caudad and ventro-laterad. 

The ventral root of the third nerve, which is a complete nerve 

with dorsal root and ganglion, arises like the first and second. 

It passes obliquely latero-caudad to leave the canal in company 

with the dorsal root, which joins its ganglion just ectad of the 

foramen. The ventral root, lying mesad of the ganglion, di- 

vides into three parts, each of which is joined by bundles from 

the ganglion. One passes directly dorsad, the second laterad 

to break up immediately into a number of branches, while 

the third and largest division passes directly caudad, fusing with 

the caudal portion of the ganglion. Fischer’s recognition of 

the first of these nerves as a spinal accessory cannot be agreed to, 

because of its mode of origin from the extreme ventral aspect ; 

and its distribution, in part at least, is not comparable with that 

of the 11th. It is preferred here to speak of these nerves as the 

first, second and third spinal nerves, although the area of the 

hypoglossal is supplied from some of their branches. An in- 

dication of a dorsal root for the first of these has been found by 

Kingsley (’92) in Amphiuma and by Mrs. Gage (’93) in the 

larval Dzemyctylus. 

GENERAL MORPHOLOGY. 

Riunencephal. In the application of this term to the olfac- 

tery lobes in Vecturus, it is not the intention to convey a pre- 

judgement of the interesting problem as to whether or not they 

are entitled to recognition as constituting a separate segment of 

the brain. It is possible indeed that the olfactory lobes and 

the portions of the cerebrum which are associated with the sense 

of smell, constituting, it is believed, almost the entire second- 

ary forebrain in the Mecturus, should properly be regarded as 

representing a single primitive segment, —Rhinencephal. Turner, 

followed by Schater and Edinger, who extend the application, 

has applied the term rhinencephal to such portions in higher 

forms, not employing it ina segmental sense, however. As has 

been insisted by Wilder (’93) Rhinencephal used in its true seg- 

mental sense should include mesal (portion of aula), as well as 

ventral, portions of the parietes. Mrs. Gage (’93) from the 
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study of the brains of embryo Dzemyctylus and the Lamprey 

states that ‘‘upon embryological grounds it seems as though the 

rhinencephal were equally entitled with the prosencephal to a 

share of the aula as a mesal cavity.” 

It is difficult to determine how much of the combined ol- 

factory lobes and cerebrum in WVecturus, may be considered as 

belonging to the former. A slight vertical furrow upon the 

endymal surface of the mesal walls, slightly cephalad of the 

caudal limit of the olfactory glomerules, may possibly be re- 

garded as indicating its limit, in the mesal walls. The _ hori- 

zontal sections, Figs. 34 and 35 show the general relations. 

The olfactory nerves spring from the lateral and ventro-lateral 

portion of the lobes. Completely encircling the olfactory glom- 

eruli, in which the nerve fibers end, is an area of ectocinerea, 

first appearing on the lateral aspect and spreading cephalad, 

both dorso-mesad and ventro-mesad, to complete the circle in 

the cephalic portion of the mesal surface of the apposed lobes. 

A slight furrow outlines this area so enclosed, more marked on 

the lateral surface, fainter on the dorsal and ventral aspects. 

Fig. 33 shows a transection through this region of the brain. 

Prosencephal.—The prosencephal is of the characteristic 

amphibian form and structure. The extent and relations of 

alba and cinerea are shown in the series of transections, Figs. 

28-33, 42. The ventro-lateral walls, in which the peduncular 

tracts are lost, representing undoubtedly the basal ganglia of 

Edinger, the striatums, form but faint swellings into the para- 

coeles, these being most marked in the region of the portas. The 

mesal walls are spoken of subsequently in connection with the 

cerebral commissures. The entocinerea extends to the ectal 

surface of the prosencephal only in three places,—(1) at the 

caudal ends of the cerebrums where the walls are quite thin, (2) 

at the meson inthe terma cephalad of the cerebral commissures, 

and (3) in the mesal wall cephalad of the terma ; here it is quite 

extensive. Immediately cephalad of the terma the mesal walls 

of the cerebrum are formed only of pia and endyma which in 

the region consists of two to three layers of cells (Fig. 31). 

This is soon succeeded farther cephalad by true nervous parietes 
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in which the nerve cells extend to the exterior, generally asso- 

ciated together in small clusters. It is believed that the rela- 

tions in this region cephalad of the terma are important in view 

of the relations in the Reptilia and the possible homology of 

the hemiseptum (septum lucidum). 

Paraphysis. This is quite large in Necturus, and enveloped 

in and distorted by the supraplexus ; it extends cephalad closely 

applied to the roof of the skull. The communication with the 

cavities of the brain in the adult was constant, ageeing in this 

respect with Diemyciylus. In Amblystoma (’92) the communica- 

tion with the cavities of the brain was found to become inter- 

rupted in larve twelve millimeters in length.’ In the just 

hatched larva (Vecturus) the weak development of the supra- 

plexus leaves the parts in a simpler condition, and the paraphy- 

sis appears as an elongated sack lined by a single layer of cells, 

(Fig. 8) and communicating with the encephalic cavities by a 

narrow neck. 

In the greatly elongated terma, which in Wecturus forms in 

part the floor of the brain, immediately caudad of the portas, 

is a marked shelf-like elevation in which cross from side to side 

two bundles of fibers, the more ventral, the precommissure, and 

the dorsal, the callosum, generally recognized as such hitherto. 

The correctness of this homology seems doubtful, and in order 

not to prejudice the question in the outset, it will be here 

spoken of as the dorsal bundle or commissure. There has been 

great difference in the statements made concerning the relations 

of this bundle to the precommissure in WVecturus. Osborn (86) 

in his memorable paper on the ‘‘ Origin of the Corpus Callo- 

sum ’’ mentions and figures the dorsal bundle, —his callosum— 

as completely separated from the ventral by a part of the cavity 

and a fold of the plexus, and he further found the same condi- 

tion in Proteus. Herrick ('93, 3) speaks as follows of the rela- 

tions of these commissures in Necturus : 

1Jn his paper on the development of Amdblystoma, which has just appeared 

(95) Eyciesheimer reiterates the statement of the obliteration of the proximal 

portion of the cavity of the paraphysis, and a discussion of the significance of 

the organ is given. 
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‘In Menobranchus [Necturus] however, he [Osborn] 

makes the significant discovery that the upper bundle is com- 

pletely separated from the lower and crosses the ventricle inde- 

pendently, so that a fold of the vascular plexus of the pia [szc], 

which in this genus is greatly developed, passes through the in- 

terspace. This statement of Osborn we had overlooked, but 

upon theoretical grounds suspected that the dorsal commissure 

would prove to belong to the roof and not tothe floor of the 

ventricle. We, therefore, had introduced the accompanying 

drawing (Plate IX, Fig. 5) before noticing that Osborn’s Fig. 

14 is substantially identical. We have never found the dorsal 

commissure so completely separated as represented by the latter, 

but always in juxtaposition with the floor; it was therefore a 

matter of congratulation to find a clearly defined continuous 

film of epithelium separating it from the subjacent pre-commis- 

sure. The series being continuous and faultless and doubly 

stained with hematoxylin and fuchsin to differentiate epithelial 

from nervous elements the evidence is conclusive. Knowing, 

as we now do, that the plexus is but a diverticle of the roof we 

recognize of necessity that the commissure is morphologically 

dorsal.” Thirdly, Fish (21) in connection with the homology 

of this commissure in Azzphzbia with the callosum of mammals, 

from the examination of a larval and adult Vecturus, reports ‘‘a 

non-separation of these commissures except by a simple cellular 

layer.” The results of my own observations differ entirely 

from those of the investigators mentioned above. Twelve adult 

brains were examined in this connection, and in no one of them 

was there a separation at the meson, by cells, endymal or 

otherwise, much less by an extension of the cavity and a fold 

of plexus. The dorsal bundle rested immediately upon the 

ventral, the precommissure. The dorsal bundle turns dorsad to 

the mesal wall of the hemicerebrum while the ventral passes 

directly laterad so that on each side of the meson cinerea be- 

comes interpolated between them. In five larval forms exam- 

ined the condition was precisely that found by Mrs. Gage in 

larval Diemyctylus ; in these the separation of the two commis- 

sures is by three or four layers of cells which in no way dif- 
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fered in appearance from the cells of the surrounding cinerea, 

nor was the more dorsal layer differentiated from the rest as a 

layer of endymal cells. Mrs. Gage found this condition of a 

separation by cinerea to persist quite late in Dvzemyctylus, and it 

was present even in some young adults. It is possible that the 

same may be true in WVectasus, which would account for the re- 

sults of Herrick and Fish, if the individuals examined by them 

were young. The brain upon which Osborn’s figures and con- 

clusions were based must have been abnormal in the relation of 

these two commissures. _ 

The presence of cells separating the two commissures is 

seen from the larval conditions to be insignificant, but the recog- 

nition of these cells as endymal, as has been done by Herrick 

would be vital. In the distribution of the fibers of the dorsal 

bundle in Vecturus, the observations of Osborn and Herrick‘are 

in the main here confirmed. Whether or not this commissure 

can be regarded as the representative of the mammalian callosum 

as first prominently advocated by Osborn seems doubtful. In 

view of the differences which exist in the interpretation of this 

bundle in Amphibia, and the importance of the question, a brief 

review here of the history may be warranted. 

Although a callosum had been ascribed to Ainpuites pre- 

viously, Reissner (1864) was the first to accurately figure ir in 

Bufo the bundle in question, which he regarded as a callosum. 

Following him, Stieda (’70) rejected the homology of callosum 

and regarded it as the pars olfactoria of the precommissure. 

This latter view was then generally accepted by the investigators 

who followed him,—Goette, Bellonci (’82 and ’83), Rabl-Riick- 

hard (’83) and Osborn in his papers of 1883-4, until the appear- 

ance in 1886 of Osborn’s paper on the origin of the callosum, 

in which occurs the statement of the peculiar relation of the 

dorsal bundle in Vecturus to the precommissure, before men- 

tioned, and also the following statement of the relations of this 

bundle :—‘‘ An important character is that the cerebral commis- 

sures in the Amphibia lie de/zzd the foramina of Monro.” 

Again :—‘‘ The upper bundle [his callosum] ascends in the me- 

dian hemisphaeral walls, forming the posterior boundary of the 
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foramen of Monro, and then turns forwards roofing the 

foramen.” 

In the following year Bellonci (’87) published a paper on 

the anterior commissure in Amphibia and reptiles, in which he 

states his inability to accept Osborn’s conclusions and reaffirms 

the declaration made in his former papers (’82 and ’83) that de- 

cussational as well as commissural tracts occur in this bundle, his 

‘* tratto supertore della comimtssura anteriore.’ Inthe Triton he 

found the fiber bundles which constitute the dorsal commissure 

coming from four regions: (1) ‘those lobes which in their anter- 

ior lower and lateral parts contain the olfactory glomerules’; 

(2) the mesal wall of the hemispheres; (3) the caudo-lateral 

part of the same; and (4), the ‘region of transition between 

the cerebrums and thalami’ and especially from two ganglia 

dorsad of the portas. 

In 1888 appeared Osborn’s paper (88) containing the fol- 

lowing comment upon Bellonci’s criticism: ‘‘I have seen rea- 

son to partly alter my views as to the nature of the commissures 

of the hemispheres which were described in detail in my paper 

on the corpus callosum. The more recent researches of Bel- 

lonci, with the aid of the Golgi method, upon these commis- 

sures, should be consulted. They show that with the purely 

commissural fibers, decussational fibers are intermingled. I 

have myself discovered that in the upper bundle or corpus cal- 

losum of Menobranchus | Necturus| there enter fibers from the 

diencephalon.” He reaffirms, however, the entire separation 

of the dorsal bundle from the ventral in Mecturus and Proteus. 

With the exception of Bellonci and Herrick (to be men- 

tioned presently) the investigators following Osborn,—Koppen, 

Edinger, Burckhardt, Mrs. Gage, and Fish, none of whom ex- 

cept the last discuss the question to any extent,—all recognize 

the homology set forth by him. Edinger (’88) states the op- 

posed views of Osborn and Bellonci without comment, but in 

his figures names the tract callosum. Burckhardt (’91) seems 

to have recognized both a callosum and the superior tract of the 

anterior commissure of Bellonci, not aware apparently that the 

two are identical. 
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The views of Herrick may be gathered from his several 

papers in the Journal of Comparative Neurology. The dorsal 

commissure he considers as representing the hippocampal or 

fornicommissure : as representing a callosum, he figures fibers 

in the mesal wali cephalad of the porta, though in his last ref- 

erence to the subject he considers that it might be ‘‘ possible 

that callosal elements were bound up in the larger hippocampal 

commissure.”’ 

The distribution of the fibers of the commissure in ques- 

tion is shown in Fig’s. 29-31; 34, 35, 38, 39 and 42, which 

in the main agree with those of Osborn and Herrick. The re- 

sults attained also agree with those of Bellonci; the extension. 

of fibers into the olfactory lobes is not affirmed as definitely by 

him as his general statements would indicate. In Mectusus by 

far the largest portion of the fibers spring from the mesal walls 

of the hemicerebrums both cephalad and caudad of the portas. 

This mesal wall has been well described by Mrs. Gage in Dze- 

myciylus and the name callosal eminence is applied to it. It forms 

a prominent swelling into the paraccele, and is characterized by 

its scattered cells which Nakagawa (’90) considered as consti- 

tuting a rudimentary cortex. By Edinger (’88), the mesal wall 

both in Amphibia and reptiles has been regarded as represent- 

ing the hippocampal region in higher forms. Herrick likewise, 

though in his earlier papers he seemed to confine the homology 

to the caudal region alone, has stated in his last reference 

to this question (’93,3) that the caudal and mesal walls in 

Necturus may confidently be homologised with the hippocam- 

pus. Some fibers could be traced to a point slightly cephalad 

of the caudal limit of the olfactory glomerules on the lateral 

aspect, or just caudad of the endymal furrow in the mesal wall 

already spoken of as possibly marking the limit of the olfact- 

ory lobes. 

These various tracts unite to form a single bundle which 

passes caudad over the porta, of which it forms the roof, and 

with another bundle from the dorso-mesal wall, and a 

small contingent from the diencephal, passes ventrad to cross 

in the terma or floor, immediately dorsad to the precommissure, 

eS ee See ee 
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as stated before. The derivation of a few fibers from a nidus 

of the diencephal was unmistakable (Fig. 29); they corre- 

pond presumably with the fibers from the diencephal described 

by Bellonci in the Triton. These are in addition to other fibers, 

some medullated, which pass into the mesal wall from a more 

dorsal region of the diencephal,—probably the habenas. Fig. 

29 shows a transection through the cephalic end of the group 

of cells from which the first named fibers spring. It lies dorso- . 

caudad of the porta. Whether or not these bundles are decus- 

sational or commissural, or both, could not be determined from 

the specimens. 

In the larva, as before stated, the dorsal commissure crosses 

in the floor, separated from the precommissure by several layers 

of cells. In the just hatched larva the fibers after crossing turn 

caudad and dorsad in the mesal wall of the hemicerebrum and 

could be followed to the point where the prosencephal and 

diencephal join. A derivation at this stage of some of the 

fibers from the diencephal was strongly suggested but not 

demonstrated. 

Manifest difficulties attend the homology of this tract with 

any of the mammalian structures with which it has been com- 

pared, and the questions of the development, and relation to 

each other, of the callosum and hippocampal commissure are 

intimately connected. Herrick (’93,3) has regarded this asa 

purely hippocampal commissure with possibly callosal ele- 

ments in it. This homology, however, he apparently made 

dependent on the recognition of this tract as dorsal. 

It is felt that the concurrent evidence of Dzemyctylus, Desmo- 

gnathus and Necturus shows quite conclusively that the fibers of 

this commissure cross in the terma and do not belong to the 

roof and simply rest upon the precommissure as thought by 

Herrick, or cross separately and independently in (Vecturus as 

stated by Osborn. It is possible that the recognition of this 

commissure as belonging to the terma might modify Prof. Her- 

rick’s . views of the strict homology with the hippocampal 

commissure. 

The homology that has generally been recognized for this 



158 JOURNAL OF CoMPARATIVE NEUROLOGY. 

commissure, that of a callosum, involves the general problems 

just mentioned. The recognition of this asa callosum, it is 

thought is open to serious objections. It would not be expected 

that a commissure which in Mammalia is very largely, at least, 

a cortex commissure, would be present in so well developed a 

condition in forms in which no true cortex exists. This sug- 

gests, of course, the question of how far ectocinereal areas 

may be represented by non-migrated entocinerea. The re- 

gions to which these fibers are distributed have been regarded 

as an incipient cortex, it is true, but they are also considered as 

representing the hippocamp, and the question of the homody- 

namy of callosum and fornicommissure arises. Far more ser- 

ious than objections such as the above seems the morphologic 

one suggested by the relation of this bundle to the portas. 

The fibers collect from the mesal wall, pass ventrad, caudad of 

the porta and cross in the terma. In no way does it appear 

possible to homologize sucha bundle with one whose fibers 

arise in the dorsal or mesal walls of the hemicerebrums and 

cross in the terma cephalad of the portas. This peculiar rela- 

tion in Amphibia is commented on by Osborn as was noted. 

He evidently saw in it nothing to invalidate the homology of 

the tract to the callosum. The objection however seems to the 

writer to be a vital one. 

Fish (’95) contends at some length and forcibly for the ho- 

mology of the dorsal commissure with the callosum of mam- 

mals, or callosum-fornix as he believes, and presents as forming 

a series illustrating the transition from the condition in urodeles 

to that of reptiles and birds, mesal views of the region of the 

terma in Desmognathus, Cryptobranchus, frog, turtle, and bird. 

I cannot consider these forms as entirely comparable in this re- 

spect; the relations at the meson seem to me to be misleading. 

The difficulty lies not in the relations here but in the distribu- 

tion of the fibers as regards the portas. In Amphibia (frog 

included) the fibers pass dorsad to the mesal walls caudad of the 

portas as already stated, while in reptiles they pass cephalad of 

of the portas. It is evident that however far cephalad and dor- 

sad the terma might be bent, the relations in Amphibia could 
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only be directly changed into those of higher forms, by the mi- 

gration of the bundle in question across the portas. 

It is to be regretted that no satisfactory solution of the dif- 

ficulties involved can be offered here. It is believed as stated 

by Herrick that the ‘‘ whole question as to the relation of the 

calloso-fornix structures requires special consideration on the 

widest possible comparative grounds.’’ A callosum at least 

seems to be entirely absent. I fail utterly to find any trace of 

a commissure in the terma cephalad of the porta where Herrick 

has figured it in NMecturus. Judging from the figures and state- 

ments of Edinger, Herrick and Meyer, what has been called 

the hippocampal commissure in Reptiles lies caudad of the por- 

tas in the roof; hence the readiness with which Herrick consid- 

ered the commissure in Necturus a hippocampal commissure, 

since he regarded it as dorsal. A comparison with the cerebral 

commissures of the reptilian brain has not been made in this in- 

vestigation and an expression of opinion cannot be given as to 

the comparability of the relations in Amphibia and reptiles. It 

is believed, however, that this commissure will prove, in part at 

least, a hippocampal commissure. 

Whatever may be the result of exact comparison with the 

cerebral commissures of Reptiles, it is felt that a representative 

of this commissure should be looked for in other J/chthyopsida, 

which have other characters of the brain in common. It is 

hardly necessary to mention the importance of a knowledge of 

the relations that the cerebral commissures have in the three 

Dipnoans. Burckhardt (g) has found it in the brain of Protop- 

terus and calls it a callosum, but he says nothing of the distri- 

bution of the fibers, nor do his figures afford a solution. Cer- 

atodus and Lepidosiven yet await investigation. The fact that in 

Petromyzon a cerebral commissure has been recognized in ad- 

dition to the precommissure, lends the hope that the conditions 

there may be found to compare closely with those in urodeles, 

the general resemblance between whose brains has been noted 

by Wilder (76). Mrs. Gage has contrasted transections 

through the cerebral commissures in Déemyctylus and Amia, and 

has suggested that the (ventrally) recurved portion of the cere- 
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brum may be equivalent to the mesal wall (callosal eminence) 

in Dzemyctylus, in which case the membranous roof of the fish 

cerebrum would represent the crumpled plexuses of higher 

forms. This view has been endorsed by Studnicka. We might 

then expect to find in ganoids a commissure exactly compara- 

ble to that found in Amphibia. y 

The projection of the terma into the aula noticed by Mrs. 

Gage in Diemyctylus and Amia, to which she applied the term 

crista, (a name given by Wilder (’80) to a similarly situated 

object discovered by him in the mammalian brain) exists in 

Necturus merely as a slight intrusion of the pia covered by 

endyma. It is in this region that Herrick has figured fibers 

which he considered a possible callosum. As before stated, I 

fail to find any trace of such. 

Diencephal.—This and the following segment are but 

slightly differentiated from each other ectally. Upon the dor- 

sum a slight transverse furrow dorsad of the postcommissure, 

and the prominent caudal bend of the dorsal wall of the infun- 

dibulum on the ventral aspect, may be regarded as boundaries. 

Cephalad of the postcommissure, which may be considered as 

limiting the caudal extent of the segment in the roof, the solid 

walls of the diencephal become divaricated and the roof at the 

meson is formed by the endyma and pia alone. This consists 

of a single layer in its cephalic portion passing caudad into the 

peculiar several-layered endymal structure ventrad of the post- 

commissure, which has been described by Mrs. Gage (’93). At 

the supracommissure the walls approach to separate yet more 

widely cephalad of it, where the roof, diatela, is greatly ex- 

panded, limited cephalad by the velum; this is oblique, so that 

a large sac is formed dorsad of it, extending also laterad at 

each side cephalad of the habenas; it is the postparaphysts of 

Herrick ('93, 2), by whom the pavaphyszs is termed the prepara- 

physts. 

Epiphysts.—This in Necturus consists of an aggregation of 

closed vesicles, forming a flattened suboval body upon the dor- 

sum of the brain between the post- and supracommissures. 

Fig. 23 shows a transection of it. No connection with the dia- 
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ceele was found, however, as is said by Herrick to be the case. 

In the just hatched larva the condition was simpler, the epiphy- 

sis at that stage being a simple hollow vesicle, not communicat- 

ing even at this early stage with the brain cavity. Two or three 

myelinic nerve fibres, one each side, were found to pass to the 

ectal surface of the brain and disappear after turning mesad be- 

neath the epiphysis. They came from the mesencephal to 

which they could be traced caudad. This fact is presented 

without comment, but is interesting and suggestive in connec- 

tion with what has been written regarding a parietal nerve. 

Paraphysts, etc.—Three evaginations of the roof of the 

brain have been recognized, all of which may be present in the 

same form, viz., (1) the epiphysis between the post- and su- 

pracommissures; (2) cephalad of the supracommissure an 

evagination which has been variously termed zirbel-polster, pol- 

ster, dorsal sac, and postparaphysis; (3) the third farther cepha- 

lad, separated from the second by the velum, and here called 

paraphysts. An admirable resume of the literature of the sub- 

ject is given by Sorensen (’94, 1) by whom the term faraphyszs 

includes the two more cephalic evaginations, which he considers 

are caused by the division of his paraphysis by the velum into 

cephalic and caudal portions, the pve- and posiparaphysis. He 

says of these (’94, 2): ‘‘The causes for the varied forms found 

in the paraphysis must, we think, be sought for in the mechan- 

ics of embryonic growth and development, and, as already re- 

marked, to call these sac-like projections epzphyses is absurd, as 

their structure and position prove their plexiform origin.” 

There is entire agreement with the above as regards what has 

been called ‘‘postparaphysis”’ in Amphibia. In the just hatched 

Necturus, the parts lie much nearer together. The walls of the 

diencephal extend cephalad between the cerebrums quite to the 

velum and there is not the extent of the tela in this region that 

there is in the adult. The simple diaplexus arises from the 

velum. But while there is no indication of an evagination 

caudad of the velum, the pavaphysis cephalad of it is well de- 

veloped as a bulblike sac communicating with the brain cavities 

by a constricted neck. In Amphibia, at least, the preparaphysis 
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and postparaphysis of Herrick do not seem to be structures at all 

comparable. The extent of the diatela in Wectusus appears to 

be due simply to the elongated condition of the brain; the su- 

praplexus extends cephalad closely applied to the roof connect- 

ed with the dura. The velum extends ventro-caudad, forming 

dorsad of it the apparent evagination. 

Plexuses.—The plexuses of the prosencephal and dien- 

cephal are greatly developed in MVecturus; the relations, how- 

ever, are as Mrs. Gage has shown in Deemyctylus, and the names 

applied by her are here adopted. The aulzplexus intrudes into 

the cavities cephalad of the paraphysts. It sends extensions 

through the port as intothe paraccele and another division caudad 

into the infundibulum. The diaplexus arises from the velum 

and the diatela and extends caudad to the cerebellum, occa- 

sionally protuding caudad of it into the metaccele. In the larva 

the plexuses are much simpler than in the adult, and the rela- 

tions set forth above are much more easily seen. 

On the dorsal edge of the divaricated walls cephalad of the 

supracommissure are situated the habenas. Caudad of the supra- 

commissure ina similar position and extending almost to the 

postcommissure is another nidus of cells similar to those of the 

habenas probably representing Meynert’s nidus, since Meynert’s 

bundle seems to spring from here. Dorso-caudad of the portas 

lie the cell areas from which spring fibers which join the dorsal 

cerebral commissure. This is molded about a core of alba 

from which the fibers arise, and is bounded dorsally by a well 

marked sulcus, which extends caudad, growing fainter to again 

become distinct in the caudal region of the diencephal. On the 

floor of the brain caudad of the cerebral commissures is the 

cephalic projection of the cavity, the preoptic recess, from the 

caudal portion of which and cephalad of the chiasma the optic 

recesses project laterally to constitute the lumen of the hollow 

optic nerve, as already mentioned. The infundibulum, as in 

other urodeles, is large, extending caudad so as to completely 

conceal the mesencephal. The hypophysis is attached to the 

caudal end of the infundibulum, whose cavity extends dorsad of 

it as the saccus vasculosus. 
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Mesencephal.—(Figs. 1, 4, 21, 22.) The dorsal aspect is 

slightly more convex than that of the preceding segment, from 

which it is ill defined. No mesal furrow was found indicating a 

pair of gemina. Upon the ventrimeson its extent is limited, 

extending from the infundibulum to the Mittelhirngrube of 

Burckhardt, the Isthmusgrube of His. Considerable morpho- 

logical importance has been attached to this depression; 

it forms a convenient landmark and will be designated here as 

the mesencephalic pit. It seems to be much more marked in 

Nectusus than in other urodeles, the cinerea at the meson con- 

sisting of but two layers of cells and reaching the ectal surface 

of the brain. Cephalad of this have been located the region 

of the albicantia and the corpus interpedunculare. The oculo- 

motor nerves also leave the brain in this immediate neighbor- 

hood. 

The entocinerea forms a continuous mass_ surrounding 

the mesoceele. A differentiation into zones such as occurs in 

Anura and to a less extent in certain other urodeles, is not well 

marked in JVecturus; an ill defined, discontinuous stratum of 

alba divides the entocinerea of each tectum into an ectal and 

ental layer, and in places a third is suggested. 

Epencephal.—The cerebellum of Necturus is exceedingly 

simple and consists, as Osborn found in Amphiuma, of a small 

band of fibers passing from one side to the other, and ‘‘ con- 

taining no cells save the simple endyma.”’ 

The question as to whether or not the epencephal should 

be recognized as constituting a segment of equal value with the 

others is a difficult one, and indeed the indication of a 

division into segments is very obscure. Certainly, in urodeles, 

there is nothing except the exceedingly rudimentary cerebel- 

lum to represent that which in higher forms attains so great a 

development; and, viewed from the condition in urodeles 

alone, the inclusion of cerebellum and oblongata by His under 

a single segment, would appear justifiable. The term applied 

by him, Rhombencephalon, or Rhombencephal, is however 

open to criticism since the same name had been previously 

applied to the lumbar enlargement of birds. This is, how- 
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ever, a question for comparative and developmental study. It 

has been discussed somewhat by Wilder (’84) and by Stroud. 

Metencephal.—This segment may be regarded provision- 

ally as co-extensive dorsally with the membranous roof, the 

metatela. In Necturus this portion of the brain is extremely 

long, equalling indeed, the length of the entire brain cephalad 

of it, and accepting the limit here given, is not contained with- 

in the cranium but extends caudad into the first vertebral 

arch. The transition in structure to the myel is gradual, as 

usual. The myeloccele expands gradually to form the meta- 

ccele which widens cephalad to the region of the fifth nerve. 

On each side of the cerebellum well marked lateral recesses 

extend cephalad. The analogy of these to the lateral recesses 

or parepicceles of higher forms has been suggested, and a com- 

parison with the similarly situated restiform bodies of sharks 

and rays may perhaps be made. There is a mesal sulcus in 

the floor of the metaccele, beginning near the exit of the gth 

and becoming most marked in the region of the 5th nerve, 

cephalad of which point it soon disappears. This and the 

sulcus at the point of junction of the wall and the floor appear 

to be the only depressions which might be regarded as of 

structural importance. There is no sulcus just laterad of the 

fibre bundle on each side of the meson, such as occurs in many 

other forms. 

The metaplexus occupies but a portion of the roof of the 

metencephal, the remainder being a simple tela. It (the 

metaplexus) is highly pigmented and extends from the region 

of the tenth nerve to slightly cephalad of the 7th, and laterally, 

cephalad over the lateral recesses, overlapping slightly the 

parts to which it is attached. Its relations and the regular ar- 

rangement of the folds which project into the metaccele can be 

seen from)|Figs, 1 and 6... The remainder ‘of the rootmsed 

simple tela; no metapore, or foramen of Magendie such as 

occurs in Dzemyctylus (Mrs. Gage ’93) was observed. In its 

caudal portion, however, the metatela was very thin and often 

ruptured. 

Opposite the exit of the tenth and caudad of the meta- 
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plexus, the lateral edges of the walls were approximated toa 

greater or less degree. The same condition was observed by 

Osborn (88) in Proteus, and Mrs. Gage in Dzemyctylus. At 

this point the pia is much thicker and it is thought possible that 

it may be due merely to a spreading of the parts caudad, pro- 

ducing thus this appearance. 

Endolymphatic sacs.—In Necturus as in other Amphibia, 

these come into close relations with the brain. The endolym- 

phatic duct pierces the ear-capsule by a separate foramen and 

expands into a simple sac which rests upon the metaplexus in 

the immediate neighhorhood of the seventh and eighth nerves. 

Its diverticles are few and very small, attaining in no way the 

extent and complexity found in the frog and by Mrs. Gage in 

Diemyctylus, where there isa communication of the two sacs 

across the meson. Burckhardt has found the same relations of 

the saccus endolymphaticus in Protopterus as in Amphibia: the 

sacs are of great extent and divide into numerous diverticles, 

but do not communicate across the meson. In the larval 

Necturt examined the conditions were as in the adult, —the sacs 

small and simple. In connection with the simple relations of 

the saccus endolymphaticus, it may be mentioned that no peri- 

ganglionic glands were observed on either the Gasserian or 

spinal ganglia, as in the frog. 

Myel.—This has received but slight attention from me, the 

portion immediately adjoining the brain only being examined. 

In form it is subcylindrical, differing in this somewhat from 

Cryptobranchus and Siren (Kolliker, ’93) in which it is more or 

less flattened. No marked cervical enlargement was observed. 

A dorsal furrow appeared to be wanting; the ventral one is 

well marked. A gamentum denticulatum exists in the adult 

Necturus, where it forms a cord closely applied to the latero_ 

ventral aspect of the myel, which it leaves at intervals to pass 

to the wall of the vertebral canal, apparently at the points of 

articulation of the vertebrae; the myel was not studied for 

a sufficient distance, however, to warrant a positive statement as 

to the relations of the ligament. 

The myel of Proteus has been studied by Klaussner (’84). 
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HISTOLOGY. 

Oblongata.—The account of this important portion of the 

brain is very incomplete, from the lack of time and suitable 

material, as well as the natural complexity of its structure. In 

the adult the cells can be made to take the silver impregnation 

only with great difficulty, and the unavailability of fresh larval 

material has rendered very unsatisfactory the study of their re- 

lations. The form of the cells of the myel and oblongata in Am- 

phibia has been shown by Fish and others. The cells of the dorsal 

and lateral regions are pear-shaped, the simple process extend- 

ing toward the periphery and branching profusely. The motor 

or ganglion cells in the ventral and lateral regions are multipolar 

or fusiform and their processes extend peripherally into the alba 

and are greatly branched. 

The transition from the myel to the oblongata is a gradual 

one ; even as far caudad as the second spinal nerve, the typical 

structure of the myel is somewhat modified. A transection of 

the cervical myel is shown in Fig. 9. In accordance with the 

conditions in higher forms, the alba may be divided, more con- 

veniently than naturally perhaps, into dorsal, lateral and ventral 

columns. The compressed myeloccele is bordered by two or 

three layers of endymal cells. The dorsal and ventral cornua 

of the cinerea are present, but are weakly developed. The 

dorsal send projections ectad, interrupting and dividing into 

small bundles the longitudinal fibers of the alba. The cells in 

the myel are mostly small, their processes directed peripherally. 

In the ventral horns are the characteristic large cells, which also 

occur in the lateral region. Occasional fusiform cells were like- 

wise observed which sent their processes into the raphé. The 

fibers of the ventral columns are mostly coarse, especially those 

immediately ventrad of the cinerea, the posterior longitudinal 

fasciculus and the Miillerian fibers of Osborn! with which are 

associated the large Mauthner fibers. 

1 Osborn is not quite clear in the terms in which he speaks of the fibers of 

this region. The fibers immediately ventrad of the cinerea on each side of the 

meson, he called the posterior longitudinal fasciculus; those farther ventrad, 

Miillerian fibers, presumably from a supposed homology with the fibers of that 
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In the region of the second spinal nerve (non-ganglion- 

ated), the myelinic fibers of the dorsal columns have begun to 

decrease in number, almost all having disappeared save such as 

will constitute the ascending tracts of the fifth and tenth nerves, 

whose fibers begin to be recognizable at this level. From this 

point to the beginning of the metatela the change consists 

merely in a migration laterad of these tracts and the dorsal ex- 

tension of the myeloccele. In the ventral regions of the myel 

changes are less marked and consist merely in a more compact 

arrangement of the fibers of the posterior longitudinal fasciculus. 

In the relations of the cell areas, the change from myel to ob- 

longata is not so perceptible. A general view of the distribu- 

tion of the cells in the oblongata may be given here. As the 

oblongata widens the general arrangement of cells remains 

much the same. The large cells of the ventral region are con- 

tinued cephalad for some distance, but become more scattered 

beyond | the’ tenth! “nerve; such) ‘cells ‘are’ found," how= 

ever, at intervals throughout the length of the oblongata, 

and in the region of the eighth nerves they are increased in 

number and size. The lateral cells of the myel become sup- 

planted in posision by the motor nidi of the tenth, ninth and 

seventh nerves, which are not so distinctly demarcated in Wec- 

turus as in Cryptobranchus (Osborn, ’88). Farther cephalad, 

the compact motor nidus of the fifth nerve succeeds in the 

latero-ventral region. The cells occupying the remainder of 

the oblongata, except large, laterally situated cells near the 

eighth nerve and similar cells more sparsely located, are small, 

—so called sensory cells—especially occupying the dorso-lateral 

cinerea and the region on each side of the meson, where be- 

name in Petromyzon. If this were correct,—and it would seem but partially so, 

—no recognition of a distinction between the posterior longitudinal fasciculus 

and Miillerian fibers should be made, since in Petromyzon two or three Miillerian 

fibers continue cephalad as the axis of the posterior longitudinal fasciculus (in 

the restricted sense of Ahlborn). This bundle will be recognized here occupying 

its usual place just ventrad of the cinerea on each side of the meson, and many of 

the large fibers composing it seem to be comparable in their relations with the 

Miillerian fibers of the Lamprey. 
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tween the fifth and seventh nerves, they are quite abundant, 

forming prominences in the floor of the oblongata,—the 

nucleus centralis of Stieda. 

Mauthner’s Fibers. 

observe the presence of the Mauthner’s fibers in Mecturus, add- 

(Figs. 9-16, 18.) It is interesting to 

ing another to the forms in which their occurrence has been 

noted. They appear to be quite constantly present in Teleosts 

where they have been studied by Stieda ('68), Fritsch, Mayser 

(81), Kolliker (93), and others. They also occur in Ganoids 

(Acipenser, Amia, Polypterus, Calamoichthys, Scaphyrhynchops,) 

and in Dipnoans (Ceratodus, Protopterus). On the other hand, 

according to Kolliker they are absent in five genera of teleosts * 

that have been examined and in the Elasmobranchs. In Am- 

phibia they seem to be generally present in the larval state, and 

have further been observed in the adult 77z/on (Burckhardt ’g1), 

Desmognathus (Fish ’93); 1 have found them in the adult 

Necturus, Amblystoma, and Diemyctylus. Osborn on the other 

hand states that they were not found in Cryptobranchus and are 

not generally present in urodeles; the last statement would 

appear erroneous, however, from the enumeration above. 

They are stated to be absent (as Mauthner’s fibers) in the 

adult Salamandra maculosa, (Burckhardt, ’91). In Necturus 

they occupy their customary position in the dorsal portion of 

the ventral columns, on each side of the meson. In this posi- 

tion they may be traced cephalad to their decussation just 

caudad of the exit of the seventh and eighth nerves, where 

they cross somewhat obliquely and turn directly laterad to end 

in,—it is believed,—large cells. They measure about 35 

micra in diameter, being, it would seem, somewhat smaller 

than the corresponding fibers in ‘‘ fishes ;” (see KOlliker, ’63). 

No apparent regularity seemed to exist in their relation to 

each other at the decussation, sometimes the right and some- 

times the left crossing dorsad of its opposite. 

1 These are Orthagoriscus, Tetrodon, Mormyrus, Malapterruus, and Gymmnotus ; 

it is interesting to note that the last three are electric or semi-electric fishes. 

The relation of the first two genera to Fritsch’s theory is interesting. 
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The Mauthner cells’ are very large, being fusiform in shape 

and lying transversely to the long axis of the oblongata. The 

mesally directed process was not seen to branch and is thought 

to be continuous with the axis cylinder of the Mauthner fiber. 

The lateral end divided into several (at least three) processes, 

which extended toward the entering fibers of the auditory 

nerve; (see Fig. 18.) These cells resisted the silver impregna- 

tion, and the exact extent and relations of the dendrites (pro- 

cesses) could not be observed. 

The intimate relation of the processes with the fibers 

of the eighth nerve has been observed by Mayser, Gorono- 

witsch, and Burckhardt. Goronowitsch was inclined to regard 

the processes as giving rise directly to acustic fibers, —a condi- 

tion irreconcilable with the views at present held of the rela- 

tions of sensory nerve fibers. Intimately connected is the 

question of the relation of other large cells to the eighth nerve. 

The Mauthner fibers have not been followed in WVecturus 

caudad of the third spinal nerve ; as observed in other forms, 

however, they gradually become smaller caudad until near the 

caudal end of the abdomen they become indistinguishable. 

Stieda (64) states further, that in Amphibia (Avo/ot/) they do 

not preserve their large caliber for such a distance as in fishes. 

There is substantial agreement in the observations of dif- 

ferent investigators as to the structure of the fibers in fishes 

and dipnoans. — By all they are stated to be fibrillar and to give 

off twigs (collaterals ?) at intervals. In dipnoans (Protopterus and 

Ceratodus) the fibrillar structure would seem to be particularly 

well marked. Sanders (’89) speaks of them in Ceratodus as 

multi-axial with axis-cylinders leaving the common sheath at in- 

tervals. In Wectuzus the fibers appear finely fibrillar, but no 

1There would seem but little doubt of the direct continuity of the Mauth- 

ner fiber and cell. Mayser, (’43) in his investigation of the brain of the cyprin- 

oids, discusses both fiber and cellatsome length. He states the termination of the 

fiber in the cell. Goronowitsch (’28) in Acipenser, states the fact, or at least his in- 

terpretation, in the following clear language: ‘‘ Nach der Kreuzung verlaufen 

sie bogenférmig zum Unterhorne, wo sie in sehr grossen Nervenzellen enden.”’ 

Furthermore, Burckhardt (’91) found both_cell and fibre in Triton, and fig- 

ures the former and its connection with the Mauthner fiber. 
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collaterals were observed to be given off in the limited distance 

that they were followed. 

Of the various theories propounded io explain the function 

of these interesting structures, that of Fritsch is, perhaps, most 

plausible, viz., that they have to do with the co-ordination of 

the action of the lateral musculature in producing the rhythmic 

movements of the body and tail in swimming, coming into rela- 

tion with the motor cells of the nerves by means of collaterals. 

In connection with the theory of Fritsch, the discovery by 

Koppen of large fibers in the caudal myel of certain reptiles is 

certainly interesting and suggestive. 

There would seem to be no necessary correlation between 

these fibers and an aquatic life as is thought by some, since 

they have been found in Amblystoma, which seems to lead a 

terrestrial life except during the breeding season. 

The Mauthner fibers correspond closely in their relations 

with the median crossed Miillerian fibers of the Lamprey,' 

which arise (Ahlborn) from large cells near the exit of the 

auditory nerve, decussate, turning caudad in the myel, where 

they give off collaterals (Davis) and gradually diminish in size. 

Ventral Tracts.—At the beginning of the metatela, the pos- 

terior longitudinal fasciculus occupies the same position as in the 

myel, situated on each side of the raphé, in almost immediate 

contact with the cells of the endyma, separated only by an oc- 

casional nerve cell; in this position it traverses the length of 

the oblongata, the course being clearly marked in the floor of 

the ventricle as a white line at each side of the meson. 

In Necturus, an oblique decussation of scattered fibers oc- 

curs cephalad up to the exit of the caudal root of the tenth 

nerve ; none was observed between this and the ninth. At the 

level of the ninth nerve, the root bundle of the seventh has 

taken its position between this bundle and the endyma of the 

1The statement of Osborn (’88) and Burckhardt (’91) of the occurrence of 

Mauthner fibers in Petromyzon is inexplicable. The idea may possibly have 

been gathered from the paper of Fulliquet on the brain of Protopterus, where the 

Miillerian fibers of the Lamprey, lateral uncrossed, median uncrossed and me- 

dian crossed, are all called Mauthner fibers. 
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metaccele causing, apparently, a slight bulge of the floor. In 

the region of the eighth nerve the relations are more compli- 

cated: the root of the seventh passes laterad to its exit, and 

the decussation of the Mauthner fibers occurs. In connection 

with the latter are associated many fibers of this bundle, and 

other finer fibers from more ventral regions. Other coarse 

fibers appear to pass laterad without crossing the meson. Ceph- 

alad of the seventh and eighth nerves, the size of the bundles 

is much reduced owing to the loss of fibers. They, with the 

other longitudinal myelinic tracts, gradually become separated 

from each other, an amyelinic area intervening (Fig. 20). Oc- 

casional decussations still occur, however, the last just caudad 

of the fifth, where the large fiber could be traced to the imme- 

diate neighbood of a large isolated cell, in the extreme lateral 

region of the oblongata. Although actual continuity was not 

demonstrated, it is probable from the results attained in other 

forms that many of the fibers which end near the level of the 

eighth nerve spring from the cells of the ventral region, which, 

as Osborn found in Cryptobranchus, are particularly large and 

numerous in that immediate neighborhood. Likewise the ori- 

gin of the decussating fibers from the large, laterally situated 

cells near the exit of the auditory nerve, may be tentatively 

held. 

Some of the fibers in the ventral columns pass dorsad into 

the cinerea in the region of the tenth (X') and ninth nerves, in 

close relation to the nidus of the seventh and the fibers of that 

nerve. The relations of these fibers were much clearer in 

Amblystoma than in /Vecturus, due to their closer association into 

a bundle in that form. Similarly, more laterally situated fibers 

with thick myelinic sheaths terminated in the cinerea near the 

exit of the eighth nerve. A comparison of these with the lat- 

eral uncrossed Miillerian fibers of Petromyzon, as Koppen (’88) 

has done for similarly situated fibers in the frog, is attractive. 

In addition to the above, other coarse fibers gradually migrate 

dorsad and laterad to lie directly ventrad of the cinerea, and ter- 

minate, a lateral group in the region of the motor nidus of the 
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trigeminal, a more nearly mesal group slightly cephalad of the 

exit of that nerve. 
A comparison with the results attained by Goronowitsch 

in Aczpenser shows the relations of the ventral tracts to be very 

similar to those set forth above. I was unable, however, to 

trace any of the decussating fibers in the region of the eighth 

into that nerve, of which in Aczpenser he found them to consti- 

tute one of the largest components. If indeed any acustic 

fibers have this origin in Mecturus, the number does not exceed 

three or four. 

Fasciculus communis, (Osborn).—This tract has been al- 

ready treated of at some length by Strong (’g5) both histori- 

cally and descriptively, and no extended discussion of it is 

needed here. In Necturus this tract is relatively much smaller 

than in Amblystoma. It first appears a short distance cephalad 

of the beginning of the metatela as a small island of ground sub- 

stance in the dorsal cinerea (Fig. 11); at the exit of the first 

spinal nerve one or two myelinic fibers appear in it. As it in- 

creases in size, it joins the adjacent alba, from which it is but 

partially separated by a projection of cells dorsad of it. Up to 

the exit of the contingent to the tenth nerve, there are but few 

myelinic fibers in it. Cephalad of the exit of X', it is hardly 

distinguishable from the adjacent dorsal tracts. Between X*' and 

IX it joins closely the myelinic fascicle called tract 6. Arcuate 

fibers penetrate, some of which turn caudad in it; other fibers 

from ¢vact 6 turn cephalad in it and possibly may be continuous 

with the arcuate fibers which enter it. Cephalad of the ninth 

it is more distinct as a separate tract and is composed almost 

entirely of myelinic fibers. Opposite the ninth a small fasci- 

culus of fine fibers begins to form in the cinerea, dorso-mesad 

of the fasceculus communis which joins the bundle a short dis- 

tance caudad of the seventh nerve, and with it leaves the brain 

to form the fasciculus communis component of that nerve, (VII, 

a. a.). I find nocontinuation of this bundlein Vecturus cephalad of 

the seventh as it was found by Osborn (’88) in Cryptobranchus. 

Isolated cells occur laterad and ventrad of this tract cepha- 

lad of X', which presumably represent what in the tadpole is 



Kinessury, Lrain of Necturus. t73 

spoken of as the ‘‘so-called sensory’ nidus (Strong ’93). In 
Necturus the three contingents, to the seventh, ninth and tenth 

nerves, which leave this fasciculus are formed of fine fibers with 

delicate myelinic sheaths. These pass to their exit, dorsad of 

the ascending V, as is also the case in Amblystoma, differing in 

this respect from the condition in the tadpole (Strong ’95) where 

they pass ventrad of it. 

The homology of the fasceculus solitarius of man, lifted 

from the root bundle of X’, has been placed by Strong upon this 

tract. This had been contemplated in this investigation before 

the appearance of Strong’s work, and rejected as not capable of 

establishment from the facts. Although this homology is set 

forth by him in a most forcible and enticing manner, a hesita- 

tion is yet felt in accepting it for the following reasons: the 

fasciculus solitarius of mammals and the ascending V are re- 

garded as entirely comparable tracts ; both become medullated 

early ; both may be traced caudad into the myel, and are accom- 

panied throughout their course by gelatinous substance, chiefly on 

their mesal side, containing cells which constitute the end nidi 

of the tracts. (See Turner ’94 and Kolliker ’93). The fasciculus 

communis and ascending V in Amphibia appear to be quite differ- 

ent tracts. Further, by considering the fasciculus communis as 

representing the fasciculus solitastus alone, we leave unacounted 

for the larger end nidus of vagal sensory fibers. Strong appar- 

ently confounds this with the end nidus of the fasciculus solt- 

tarius. The strongest evidence in favor of the homology would 

be the exit of fasczculus solitarius fibers as the pars intermedia 

Wrisbergi now considered as a sensory root of the seventh, 

with the geniculate ganglion as its nidus of origin, which is af- 

firmed by Kolliker (’93) ; by others, however, the end nidus of 

the glosso-pharyngeus has been stated to be the end nidus cf 

this nerve. Brandis (’93) in speaking of the fasciculus solitarius 

in the brain of birds, stated that a portion of the fibers turned 

laterad to the eighth nerve and the remainder entered the trigem- 

inal nerve. ' 

1A similar relation of the bundle tothe fifth is also given for man by 

Boettiger (’90). 
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In a later paper, no mention is made of such relations of 

the solitary bundle, and he is inclined to associate the pars zuter- 

media with the vago-glossopharyngeal end nidus. Further, re- 

garding its central relations, the fasciculus solttarius is said in 

birds to decussate just caudad of the metatela,—a relation not 

as yet observed in man. The foregoing considerations seem to 

warrant postponing the acceptance of the homology until a fuller 

comparative study of this tract is made. Possibly the fasciculus 

communis may embody both sensory termini for vagal fibers. 

Dorsal tracts. —As has already been stated, at the transition 

from myel to oblongata the number of myelinic fibers in the dorsal 

regions has greatly diminished, those remaining being almost 

entirely such as constitute the ascending V and X. After the 

beginning of the metatela, and up to the level of the first spinal 

nerve, these tracts occupy the extreme dorsal position in the 

spreading walls of the oblongata, the fibers for the tenth the 

more dorsal. Cephalad of this point the ascending V and X 

begin to migrate ventrad, leaving an amyelinic area to oc- 

cupy the more dorsal portion. This area is also extended by 

the closer apposition of the walls of the oblongata in the region 

of the tenth nerve. Cephalad of X' the ascending V is situated 

in the ventro-lateral angle of the oblongata; dorsad of it begin 

to be distinguished the large fibers of the eighth nerve. In this 

region myelinic fibers appear in the dorsal tracts, chiefly in the 

extreme dorsal portion and the region just dorsad of the fibers 

of the eighth, constituting the beginnings of the tracts named 

for distinction tracts a and 4. Between these two tracts the 

region is almost entirely amyelinic with however scattered 

bundles of myelinic fibers. Into this intermediate area enter 

IX’ and IX’ and a portion of the ‘‘ dorsal seventh” (VIIb’). 

Tract a, beginning in the region of the tenth nerve, 

reaches its fullest development between the seventh and ninth 

nerves. Inthe region of the seventh this tract loses its ex- 

treme dorsal position, which is here occupied by an area of 

amyelinic substance, apparently composed largely of ‘ ground 

substance,’ into which the dorsal portion of the ‘‘dorsal seventh 

enters’ (VIIb'). This is restricted to the immediate neigh- 
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borhood of the seventh nerve, and cephalad tract @ soon re- 

gains its dorsal position. Slightly cephalad of the fifth nerve it 

disappears, the fibers which compose it turning mesad into the 

neighboring cinerea. This tract does not seem to be increased 

to any extent from arcuate fibers. 

Tract 64 likewise first appears in the region of the tenth 

nerve reaching its strongest development between the seventh 

and ninth. It lies latero-dorsad of the fasceculus communis. Be- 

tween the ninth and tenth the tract is largely increased by arcuate 

fibers which turn cephalad in it. The relation of arcuate 

fibers to tract 6 continues throughout its length, but is most 

marked between the ninth and X'. Most of the bundles which 

enter it turn cephalad; others, however, in the region of the 

ninth nerve, turn caudad ; this is also the case in the region of 

the fifth. 

Between tracts a and 0, the alba is almost entirely amyel- 

inic. Small fascicles of myelinic fibers occur, however, in it; 

these seem to be to a large extent arcuate fibers which pene- 

trate this region. [Fibers also pass into this intermediate re- 

gion from tracts a and J. Into it enter the dorsal division of 

the ninth and the ventral portion of the ‘‘dorsal seventh” 

(IX? and IX’, and VIIb’). 

Arcuate fibers.—Arcuate bundles are well developed in 

Necturus. In the myel fine myelinic fibers pass down from 

the dorsal cinerea to decussate in the raphé, assuming a longi- 

tucinal-“direction in the ‘ventral | columns.) In: the re- 

gion of the 2nd spinal nerve and cephalad these fibers are 

greatly increased,in number. Up to the exit of X' the num- 

ber of fibers is diminished; cephalad of that point, however, 

they begin to pass to the dorsal tracts, traversing the alba at all 

levels, not confined to the border of the cinerea. Between the 

ninth and X' they largely take part in the formation of tract 4, 

in which they turn both cephalad and caudad. The intermedi- 

ate region between tracts a and @ also receives many of them. 

In the region of the seventh large bundles of arcuate fibers pass 

dorsad to terminate in the lateral border of the cinerea adjacent 

to the dorsal tracts, and the dorsal island of alba into which the 
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dorsal portion of the ‘‘ dorsal seventh” enters ; and these bun- 

dles are coextensive with that area. In the region of the fifth 

nerve, arcuate fibers are intimately connected with the diminish- 

ing number of myelinic fibers in the dorsal tracts. Some of 

these seem to cross in the raphe and turn into the cinerea of 

the opposite side. 

Origin of the Cranial Nerves. (Figs. 5, 9-20, 22.) At 

the time this investigation was undertaken the condition of our 

knowledge of the origin of the cranial nerves of the tailed Am- 

phibia was far from satisfactory. Fragmentary results had been 

obtained by Stieda; more complete were the observations on 

this subject made by Osborn ; still, some evident inconsistencies 

in his results with those reached on other forms, and a failure 

to recognized the true relations of certain nerves, rendered a 

review of the subject desirable. In respect to the homology 

of the nerve components, as stated by him, interpretations de- 

pended largely on the peripheral relations and distributions of 

the several components, of which nothing satisfactory was 

known. The papers of Strong, however, have supplied the 

necessary information; not only has he investigated the distri- 

bution and segmental value of the components but also made 

extensive comparisons with the cranial nerves of other /chihy- 

opsida. The ental or deep origins have also been discussed by 

him, rendering less necessary an extended description here ; 

however, as the results here attained confirm, and in part sup- 

plement his, they are, in so far, at least, of value and will be 

given. Where possible, the roots in ecturus have received the 

names applied by him. Instead of the terms sofor and sensory 

nuclet or nid, the recent reSults of the impregnation methods 

render preferable a terminology in which the relations of fiber 

and cell are more distinctly implied, and here will be employed 

those adopted by Kolliker (’93) (‘‘ Endkern” and ‘‘ Ursprungs- 

kern’’) and Turner ('94), ‘‘nucleus of origin’’ and ‘‘ terminal 

nucleus ’’ zzdus being employed in preference to xucleus. It is 

evident that the nidus of origin of sensory nerves would be the 

peripheral ganglia from the cells of which their fibers spring, 

and the ‘terminal nidus’ within the brain, with which they 
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have physiologic connection, might be the nidus of origin of 

some intra-cerebral tract or tracts, &c. 

In Wecturus, the cranial nerves generally found in Amphibia 

are present. The difficulties in the recognition of the eleventh 

and twelfth nerves have already been spoken of. The two 

motor roots rising from the ventral columns caudad of the tenth 

(X") have been termed the Ist and 2nd spinal nerves, despite 

the fact that they have no dorsal roots or ganglia.’ Their 

mode of origin within the brain is that shown by Stieda for the 

motor roots of the spinal nerves in the Axolotl; some of 

the fibers pass directly dorsad to the ventral horns, a larger num- 

ber turn cephalad in the ventral tracts, others caudad. No 

special nidus or origin for either of the nerves was recog- 

nized. 

Vagus.—This nerve and the glossopharyngeal are closely 

related to each other. The vagus arises by two roots which 

are formed in WVecturus of seven minor rootlets, of which the 

two caudal unite to form one root, the eleventh of some writers, 

the cephalic five forming the tenth. X', the largest, arises 

from the lateral aspect of the oblongata and derives its fibers 

from two sources,” (1) the fasctculus communis, whose fibers 

leave the brain the more dorsally, (2) ascending fibers, chiefly 

of large caliber, which migrate ventrad into the ascending V. 

Some of these fibers may be traced caudad as far as the exit of 

the 2nd spinal nerve. Burckhardt has found in Profopterus a 

decussation of similar ascending fibers of the tenth caudad of 

the metatela. In Wecturus a decussation of small fibers was ob- 

served in this region but their relation to the tenth nerve could 

not be determined. Strong speaks of this component in the 

tadpole as derived from the ascending V. In Wecturus they 

1 Even in man, Gray (Anatomy, Descriptive and Surgical) states that the 

dorsal root of the first spinal nerve is much smaller than the others and fre- 

quently has no ganglion. 

? The true physiologic direction of the fibers is for convenience of descrip- 

tion disregarded here, thus though really the impulse is ‘‘ descending,” the 

old term, ascending V is retained. 
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appeared rather to arise dorsad to the fibers of the ascending 

V and to migrate ventrad into that tract toward their exit. 

There seems to be no representative of these fibers in ‘‘ fishes,” 

nor, indeed in higher forms, unless it might be represented by 

the fasceculus solitartus, a rather unsafe comparison though there 

is a resemblance in the comparability of these with the fibers 

of the ascending V. The decussation of certain fibers of this. 

component in Profopterus, in view of a similar decussation of 

the solitary bundle observed in birds, is suggestive. The fibers 

from the fasciculus communis are fine, with delicate myelin 

sheaths, as are all fibers derived from this tract. 

X* and X*, which are very delicate and of few fibers each, 

are undoubtedly motor, arising farther ventrad from the region 

of large motor cells. 

X* and X° arise slightly caudad to the three rootlets above, 

and are very close to each other. X* is probably sensory and 

its fibers like a portion of those of X' accompany the ascend- 

ing V. 

Roots X*, X* and undoubtedly X‘ are motor, and arise in 

much the same manner. The root fibers of the most caudal of 

these roots (X‘) may be recognized as far caudad as the caudal 

end of the metatela, and form an ascending fasciculus in the 

lateral columns of the oblongata adjoining the cinerea. Osborn 

regarded this ascending bundle as the representative of the soli- 

tary bundle of the mammalian brain, but erroneously, as was 

pointed out by Strong. The entire bundle turns directly laterad 

/to constitute X‘. Near the exit of this root fibers appear in 

the adjacent cinerea among the motor cells and unite to form a 

fasciculus occupying the same position as did the fibers of X‘. 

The fibers leave the brain as X° which joins X’, forming the 

major root sometimes spoken of as the eleventh nerve. In addi- 

tion to its ascending fibers, a few entered root X‘ which came 

from the region of the ascending V and were presumably 

sensory. In precisely the same manner as X° arose X° which 

was however closely related to the roots cephalad of it. 

The following Table may summarize what has been said 

above concerning the roots of the tenth nerve and their origin: 
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VAGUS NERVE. 

roots. Stze. source. character of fibers.| function. 

x large fasc. com. fibers fine 
asc. tract. fibers coarse. |sensory. 

Dae small motor nidus medium. motor. 
x 3 small “ec “ce “ec “cc 

X* | medium asc. tract. oC sensory. 
x5 small motor nidus. ob motor. 
xX 6 medium 6c a3 6c “cc 

X7 | medium | asc. lat. tract. wt motor ? 
asc. tract (few) ah sensory. 

As compared with the origin in Cryptobvanchus as set forth 

by Osborn, the following differences may be noted: his solitary 

bundle enters two roots in Cryptobranchus, but one in Necturus. 

The fasciculus communis enters two roots, one in Vectusus. 

Further, no ascending sensory root in addition to the fasciculus 

communts was found by him ; ‘in Wecturus it enters three roots 

though in two of them the contingent was small. 

Strong’s results on the tadpole show slight differences, the 

most important of which is the changed relation of the fasczcu- 

lus communis and (his) ascending V components, the first being 

ventral in the tadpole, dorsal in Mecturvus. There seem to be 

fewer roots, three only being recognized by him, the first draw- 

ing its fibers from the fasciculus communts, ascending tract (his 

ascending V) and a motor nidus; the second, fasciculus communts 

and a motor nidus; the third, ascending lateral tract (solitary bun- 

dle of Osborn). The differences in the relation of the fasciculus 

communis should be noted. As to whether the ascending fibers 

of the tenth nerve can be said to be derived from the ascending 

V is merely a matter of definition; they are, indeed, closely 

associated with that tract. 

Glossopharyngeus.—This is closely related to the vagus, and 

possibly would have been better discussed with it. What are 

treated here under this name include the ninth nerve proper, 

and, from the researches of Strong, the representative of the 

** Ramus lateralis vagt,” or ‘‘ Nervus lateralis” of other Ichthy- 

opsida. 

The nerve is distinct from the vagus almost up to its gang- 
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lions, which are fused with those of the vagus. Near the 

brain, however, it turns cephalad, and soon divides into two 

bundles, IX'+? and IX*+*. The first is the 1st Vago-glossopha- 

ryngeal root of Strong, (IX' of Osborn), and the representa- 

tive of the lateral line nerve of fishes (Strong) ; IX*** is [X?** 

of Osborn, 2nd root of Strong. 

IX*+4 is the more caudal and is formed of two roots. The 

fasciculus communis gives off a large contingent to form IX*; it 

passes dorsad to the ascending fibers of the eighth. IX* springs 

from the motor cells in the floor of the oblongata and passes 

ventrad of the ascending fibers of the auditory, to its exit, join- 

ing [X* immediately. There is an exact agreement in the above 

with the results of Osborn and Strong. 

The other division is composed of fibers of a very charac- 

teristic and constant appearance. They are large, with very 

dense myelinic sheaths, and are of the same appearance in all 

the forms studied. This bundle proceeds cephalad a short dis- 

tance and enters the dorsal region between the tracts here called 

a and 4, by two roots, one more dorsal and slightly cephalad of 

the other, and separated from it by a small fasciculus of longi- 

tudinal fibers. Some of the fibers of each root lose their 

myelin almost immediately on entering the brain and disappear; 

others may be traced cephalad for a few sections, but are lost 

within a quarter of a millimeter from the point of entrance. 

None of the fibers were observed to turn caudad within the 

brain. 

The region into which these roots enter contains but small 

scattered bundles of myelinic fibers, of which the largest, on the 

ectal surface of the brain, separates the two roots. An inter- 

change of fibers occurs immediately cephalad of the roots. 

Many arcuate fibers go to the dorsal tracts at this level. The 

cinerea that adjoins the dorsal tracts at and cephalad of the en- 

trance of this nerve is composed of small cells and must be re- 

garded as the terminal nidus. 

An extensive comparative discussion of this nerve is given 

by Strong (’95). The lateral branch of the vagus, or more cor- 

rectly perhaps the lateral nerve, has been likewise found to arise 
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cephalad of the ninth nerve in Acipenser (Goronowitsch), the 

Cyprinide (Mayser), sharks and Rays (Lemargus, Lamna, Raia) 

(Ewart), and Galeocerdo (Strong, ’95), and Wright was inclined to 

regard its origin similar in Amzurus. Inthe Cyprinide@ the fibers 

were derived from the ¢uberculum acusticum. In Actphenser Go- 

ronowitsch found the lateral nerve formed of ascending and de- 

scending fibers from the ‘‘dorso-lateral” tract, of which the 

descending bundle was much the larger and was thought by him 

to come from the cerebellum. In JVeciurus the origin of these 

fibers was restricted to the dorsal region of the oblongata in the 

region caudad of the eighth nerve, which might be regarded as 

representing the ¢éuberculum acusticum of the teleosts, although 

no ¢uberculum acusticum proper exists. Certainly no fibers can 

be traced cephalad to the cerebellum. 

In NVecturus, as compared with the other urodeles exam- 

ined, this nerve was greatly developed, a condition to be ex- 

pected, both from its larger size and the greater number of 

sense organs in JVecturus. The ratio of [X'*? to [X*** in this 

form is approximately 2:1. In <Avmblystoma, both roots, IX? 

and IX’ are distinct but their ratio to [X°** is about I:1. 

Acustic Nerve.—As far caudad as the exit of the X’ large 

fibers begin to appear in the region dorsad to the ascending V 

and between it and tract 6. These increase in number cephal- 

ad, and at last, about 1 millimeter cephalad of the entrance of 

IX’ they enter the eighth nerve. This forms a considerable and 

indeed the largest source of the fibers of the eighth nerve. The 

fibers are large with thin myelinic sheaths and are very easily 

traced. A far smaller portion of the acustic fibers, which are 

also of finer caliber, turn cephalad. Osborn (’88) regarded 

such in Cryptobranchus as decussating through the cerebellum 

with the corresponding fibers of the eighth nerve on the oppo- 

site side. A direct relation of acustic fibers to the cerebel- 

lum in the lower forms appears probable from the results of 

Mayser, Goronowitsch, and Koppen, (’88) on the species inves- 

tigated by them. Ahlborn however considered that the fibers 

entering the cerebellum in /etvomyzon were commissural be- 

tween the acustic nidi of the two sides. In higher forms the 
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direct relation of acustic fibers (of the vestibular nerve) to the 

cerebellum, is stated by Edinger, (’86) Sala and Brandis, but 

disputed by Kolliker. An ascending root of the eighth nerve 

is recognized by Goronowitsch, and by Stieda in the Axoloi/. 

In addition to the fibers spoken of above, others seem to 

end almost immediately on entering the brain, in close proxim- 

ity to large cells situated in the lateral region, which have been 

likened to the large cells in Petromyzon connected with the me- 

dian crossed and lateral uncrossed Millerian fibers. Similar 

cells occur caudad as far as 1X' and may possibly represent, or 

be closely connected with the terminal nidus for the ascending 

acustic fibers. Osborn suggests a comparison of these with 

Deiter’s nidus of mammals. But a single acustic root was ob- 

served in Vecturus. This is contrary to certain theories of the 

development of the ear and with results in some other, especial- 

ly higher forms; it agrees however with the condition found in 

Cryptobranchus and the Axolotl (Steida’75). Possibly the two 

roots may be represented by the ascending and descending 

fibers. The eighth is VIII? of Osborn in Cryptobranchus. The 

correspondence between the two forms would seem to be close, 

though his figures leave much to be desired. The relation to 

the large cells is noted by him, and ascending and descending 

fibers, though the ascending tract apparently does not have as 

great extent as in Wecturus. The derivation of the descending 

fibers from the mesencephal after decussation in the cerebellum, 

must seem doubtful from the relations found elsewhere. 

Facial Nerve.—This nerve is formed of two components, 

Vilaa, a sensory root from the fasciculus communis of Osborn, 

and VIIa, motor, formed by two, or in some cases three, 

rootlets, arising from the oblongata ventrad of and at about the 

same transverse plane as the eighth. 

VIlaé.—At about the exit of the tenth (X') nerve, myel- 
inic fibers begin to appear in the cinerea dorsad of a nidus of 

large cells in the ventro-lateral portion of the floor. From here 

to slightly cephalad of IX’, fibers spring continuously from this 

region and unite to form a close bundle which passes mesad to 

lie dorsad of the posterior longitudinal bundle and immediately 
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ectad of the endyma, causing a slight elevation. In this position 

they run cephalad to just caudad of the exit of the eighth where 

they turn laterad and ventrad, in two (or three) bundles, to 

leave the oblongata as the motor roots of the seventh nerve, 

and immediately unite with the issuing fibers of the eighth. 

The origin of these roots in urodeles, and the recognition of 

them as homologous with the facial of higher forms, have been 

involved ina great deal of obscurity. Stieda (75, p. 302) 

recognized this bundle in the floor of the oblongata as belong- 

ing to the facial and describes its exit to form that nerve; he 

could not, however, discover the origin. Osborn (’88), in his 

study of the oblongata of C7ypiobranchus, regarded this as be- 

longing to the eighth instead of the seventh, and derived the 

fibers of VIlad from the posterior longitudinal fasciculus. He 

was not, however, certain of the correctness of the homology, 

and in note 3 in the appendix to his paper, seemed inclined to 

doubt the relation of the fibers to the posterior longitudinal 

bundle. He was influenced in his view of this tract by the 

close relation of the posterior longitudinal fasciculus and the 

eighth nerve in the papers of Fulliquet and Ahlborn, the last 

of whom his misquotes, however. The ventral division of 

what is here termed the dorsal VII was considered by him 

motor and to represent the root which would otherwise be 

wanting. Burckhardt (91) following Osborn, named these 

roots, VIII, 3 and 4, and found them composed ‘‘ mostly of 

Millerian fibers.”” He also regarded the ventral root of the 

‘‘ dorsal seventh ”’ as representing the facial. His VIII, 3 and 

4 in Protopterus ('92) are the same, and these he derives ‘‘ in 

part from the posterior longitudinal fasciculus, and in part from 
) 

a motor nidus.’’ Strong did not attempt a solution of the 

question but regarded the source of these fibers as partly from 

the posterior longitudinal fasiculus and partly from the trigem- 

inal motor nidus. 

In view of the importance of the matter, and the confusion 

with regard to this nerve in Amphibia, a somewhat extended 

comparative discussion seems desirable ; especially since the 

mode of origin of this nerve is so nearly constant in widely 
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different forms. It is scarcely necessary to point out the exact 

comparability between the modes of origin of the facial nerve 

in Amphibia! and man. The nidus is situated rather deeply 

and begins to appear in sections just caudad of the pons. From 

this, fibers arise which associate themselves into a bundle upon 

the dorsal side of the posterior longitudinal fasciculus, in 

which position they run cephalad to turn sharply laterad and 

ventrad to their exit as the facial nerve, the two bendings con- 

stituting the well known ‘‘knee of the facial” (genu nervt 

facials). 

In his studies of the brain of teleosts, Mayser has investi- 

gated the oblongata and the origin of the nerves to a consid- 

erable extent. He describes the mode of origin of the seventh 

in the following words: ‘‘ Die grobfaserige ventrale gekniete 

Quintuswurzel (V. V. gen. vent. [VII] kennt Stieda (p. 35 and 

55, Knochenfische) und Fritsch (a. a. O. p. 85). Die Wurzel 

bildet sich bei Cyprinoiden aus zwei hinter einander entspring- 

enden Bindeln. Das hintere legt sich der Aussenseite der 

aufsteigenden motorischen Vaguswurzel (JV. /X. mot.) an und 

kommt aus dem hinteren Trigeminuskern Stieda’s und einer 

Ansammlung sehr grosser blasenformiger Zellen, welche zwis- 

chen den Kommissurenfaserziigen und zu beiden Seiten des 

hinteren Langsbindels liegen (uc. NV. V. gen. vent. post., Fig. 

27); das vordere entspringt in derselben Weise da, wo die 

aufsteigende motorische Vaguswurzel (JV. LX. mot.) nach aussen 

umbiegt (uc. N. V. gen. vent. ant., Fig. 29). Vereinigt 

ziehen beide, fast nur vom Epithel des Centralkanale bedeckt 

und mit dem hinteren Langsbiindel aussen oben innig verbunden 

nach vorn, biegen etwas vor der Umbeugungsstelle der dorsalen 

Kniewurzel plotzlich unter rechtem Winkel nach aussen um, 

wobei sie den WV. V. asc. und die vordersten Partien der vor- 

1 Tn the frog, if we may trust the observations of Stieda and Képpen, the 

mode of origin of the motor fibers differs entirely from that commonly found, 

the fibers entering the nerve directly from the trigeminal motor nidus. I find 

the mode of origin of this nerve in. Amdlystoma and Diemyctylus as described 

above in WVecturus. 
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deren Acusticuswurzel (4V. VZ//. ant.) durchbrechen (Fig. 27- 

31).”.. No commentary is necessary upon the above. In 

Wright’s paper upon the brain of Aszurus, although no at- 

tempt at tracing the internal origin of the nerves is made, it is 

evident from his words and figures that the larger portion of 

the facial fibers arise in much the same manner as set forth by 

Mayser. A portion of the fibers he derived from a nidus near 

the nerve (p. 360.). 

In Actpenser is found precisely the same mode of origin, 

as may be seen from the two paragraphs below in which the 

origin of the facial nerve in that genus is described. The com- 

parison with JVecturus is close. I did not however, find any 

fibers of the facial to be derived from the ventral columns. It 

is still possible that some of the fibers before mentioned as ter- 

minating at or near the facial nidus, may pass directly into the 

root bundle of the facial nerve. Goronowitsch has been mis- 

quoted as to the origin he found for the facial nerve, and it has 

seemed best therefore to reproduce entire the portion in which 

it is described by him. ‘‘Proximal von der Austtrittsstelle der 

N. lineae lateralis gesellt sich zu den Bindeln ein anderes 

Langsfasersystem (Taf. XX, Fig. 49, Frv.) Die fasern desselben 

kommen aus der grauen Substanz des Vorderhornes, sowie 

aus den Ventral liegenden Theilen der weissen Substanz (Taf. 

XXII, Fig. 81 /7v.). Diese Fasern umkreisen den Boden der 

Vorderhirnrinne und steigen, der seitlichen Oberflache der 

hinteren Langsbiindel folgend, in die dorsalen Abschnitte 

dieser letzeren, wo sie einen runden Strang bilden. Es sind, 

wie wir gleich sehen werden, die Fasern der ventralen Wurzel 

des Facialis. Mitunter findet man, dass die Fortsaitze der 

motorischen Zellen bis zu den Fasern des Facialis zu verfolgen 

sind. (Fig. 81). Ein kleiner Theil der Fasern kommt, wie 

gesagt, aus den ventralen Abschnitten der weissen .Substanz. 

In den betreffenden Querschnittsebenen der Oblongata en- 

thalt die weisse Substanz viele zerstreute grosse Ganglienzellen. 

Ob diese Zellen als Ursprungsstatten eines Theiles der Fasern 

des Facialis aufzufassen sind, konnte ich nicht sicher entschei- 
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den. Ejinige Fortsatze wenden sich in der Richtung der 

Fasern. Alle diese Verhaltnisse sind in Fig. 81. dargestellt. 

‘‘Die Fasern der ventralen Wurzel des Facialis sind etwas 

feiner als die der hinteren Langsbiindel und sind daher sehr 

leicht in proximaler Richtung zu verfolgen. In der Nahe der 

Austrittsstelle koncentrirt sich der Faserzug in einen kompak- 

ten runden Strang, welcher einen Vorsprung auf der dorso- 

lateralen Oberflache der hinteren Langsbindel bildet. Der 

Strang biegt lateral unter rechtem Winkel um und durchzieht, 

bogenformig: und ventralwarts verlaufend, den proximalen 

Theil der austretenden Acusticusfasern (Taf. XX Fig. 50 rv.) 

Vor der Austrittsstelle dieses letzeren Nerven tritt die Wurzel 

aus und legt sich eng ventral an die dickere dorsale Wurzel des 

Facialis an. (/7d.) Ein Theil der queren Bahn der ventralen 

Wurzel bildet die makroskopisch wahrnehmbaren Abzwei- 

gungen der hinteren Langsbiindel, welche ich im anatomischen 

Abschnitte besprochen habe.” 

In turtles, judging from the figure of Humphrey (94), a 

portion of the fibers, at least would seem to be associated with 

the posterior longitudinal bundle. In birds Brandis has found 

the same origin as in mammals, with, however, the middle por- 

tion, (ascending limb) reduced to a minimum. 

In Elasmobranchs, the origin of a motor portion of the 

facial is obscure; Rohon’s statements of the origin of the facial 

are too vague and indefinite to admit of any conclusions being 

founded upon them. Sanders has found the facial to spring 

from the bundle called by Rohon fasczculus longitudinals later- 

alts, (comparable with fasciculus communts ?), and it would seem 

to be a sensory root. ‘Indeed, Jackson and Clark in speaking 

of the peripheral distribution of the facial in Elasmobranchs, 

state that the muscles innervated by the seventh in teleosts 

do not exist in Elasmobranchs and that therefore a motor por- 

tion is absent. Equally unsatisfactory is the state of knowl- 

edge of this nerve in Petromyzon. Ahlborn describes the fa- 

cial as arising by a single root from a nidus dorsad to the 

acustic nidus. The cells in the nidus are small and the issuing 

fibers fine. By Julin and Dohrn the facialis in Petromyzon is 

cd 

OO a 
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asserted to contain motor elements (Strong ’95), in which case 
we should expect to find another origin for a portion of the 

fibers. 

VIlaa, is small and arises at the level of the eighth nerve 

and dorsad of it, from the fasczculus communis and a small ac- 

cessory bundle of fibers which springs from the cinerea meso- 

dorsad of the fasciculus communis. The fibers are small and 

lightly medullated. On their way to the periphery they pene- 

trate tract 4, which is well developed at this level. The gang- 

lion of this contingent is fused with that of the eighth, and rep- 

resents probably the geniculate ganglion, the nerve itself repre- 

senting the pars intermedia (Strong). Strong finds that the pal- 

atine nerve is formed by this component of the seventh. In 

Necturus, as indeed in other urodeles, this nerve (palatine) does 

not, as in the Anura, come into relation with the Gasserian 

ganglion. 

Dorsal VIJ.—This is the VII u and 1, of Osborn; VIIb 

or Dorsal VII of Strong. The fibers of which it is composed 

differ greatly in appearance from the other fibers of the facial, 

and indeed the other cranial nerves except IX't? with which 

they correspond exactly. The figures show them very inade- 

quately ; they are large and with dense myelinic sheaths. In 

Necturus the roots unite to form the dorsal seventh, and they 

are here spoken of as VIIb' and VIIb’, VII’ rising dorsad and 

slightly caudad from a region well demarcated ffom it. At 

about one-third of the distance (going cephalad) between IX" 

and VIII there begins to be formed in the extreme dorsal por- 

tion of the dorsal tracts an area of amyelinic substance of a 

structureless appearance—ground substance. This increases in 

amount to the region of the eighth nerve and decreases again 

cephalad of this point, disappearing entirely half a millimeter 

cephalad of that nerve. Into this island resting upon tract a, 

VIIb' enters at the level of the eighth. The fibers lose their 

myelin immediately on their entrance and disappear, turning 

neither cephalad or caudad. The cells immediately adjoining 

this area undoubtedly represent the terminal nidus of this root. 

VIIb? enters the same portion of the dorsal tracts as does 
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IX!+2. that is, the region between tracts a and 0, separated 

therefore from VIIb' by tract a2. Some of the fibers appear to 

terminate immediately ; most of them, however, turn caudad 

and may be readily followed for but a short distance, since they 

soon lose their myelin, and become indistinguishable; some 

even as amyelinic fibers may be followed for a short distance 

farther, that is to a little caudad of the exit of the eighth nerve. 

VIlIb! and VIIb? unite immediately to form V1Ib which 

soon divides into two approximately equal portions, one of 

which joins the motor and fasceculus communis portions of the 

seventh and the eighth nerve, while the other division goes 

cephalad to the Gasserian ganglion. 

The close comparison in origin between IX't? and VIIb’ is 

evident: both end in approximately the same region caudad of 

the eighth; the fibers of IX''’ turning cephalad to it, those of 

VIIb? caudad to it. The difference in origin between VIIb’ and 

and VIIb!, though slight, might seem to indicate that the two 

roots were different; that VIIb' passed to the Gasserian gang- 

lion and should be considered as belonging to the fifth proper, 

as was interpreted by Herrick (’94), and representing perhaps 

the dorsal root of Trigeminus II of Goronowitsch in Aczpenser. 

This does not seem to be the case however; the fibers of both 

roots are of the same size and appearance; further, the divis- 

ion between the roots is not the the division between the por- 

tions which join the fifth and seventh, a portion of the VIIb* 

undoubtedly joining the seventh and eighth. In smaller forms, 

e. g., Amblystoma and Diemyctylus, a division into two roots is 

less marked, due partly to the weaker development of a tract 

separating them." 

1 Pinkus, ’95, has examined the larvee of Salamandra maculosa and atra, Des- 

mognathus fusca and Salamandrina, and recognized in all the lateral line root of 

the VII (VIIb of Strong). In theadult of Sa/amandra atra and Geotriton fuscus 

the lateral line nerves are absent, although in the first genus a delicate strand 

pasess from the seventh nerve to the Gasserian’ ganglion and at that point atro- 

phies. I have examined in this connection the brains of adult forms of Am- 

blystoma punctatum, Diemyctylus viridescens, Desmognathus fusca and Plethodon 

erythronotus. In the first three genera the lateral nerve roots of the VII were 

present, although in Desmognathus the bundle to the Gasserian ganglion was 
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In fine, in Asphzbia, the ‘‘dorsal VII” and ‘‘ dorsal IX ”’ 

(IX'**), both terminate in the dorsal region of the oblongata, 

in the immediate neighborhood of the eighth nerve and in large 

part slightly caudad of it. 

Abducens Neive.—This is very small in Mecturus and arises 

from the ventral aspect of the oblongata by two very small 

roots. I was unable to trace it to its nidus. In Asmblystoma, 

though the nerve is much larger and arises by three roots, no 

direct relation to a nidus could be observed. The fibers sprang 

apparently from the posterior longitudinal fasciculus. _Undoubt- 

edly the motor cells of the ventral region in this immediate 

neighborhood constitute the nidus of origin. 

Titgeminus.—The fifth nerve is the largest of the nerves 

arising from the oblongata; and, save the olfactory, of all the 

cranial nerves. The fibers of which it is composed are drawn 

from four sources, and leave the brain by three ill-defined roots. 

(1). Ascending V. This furnishes by far the largest por- 

tion of the fibers of the fifth in Wecturus. It can first be dis- 

tinctly recognized in the myel a slight distance caudad of the 

second spinal nerve, where it occupies a dorso-lateral position. 

In this region it is small. At the level of the first spinal nerve, 

it has increased in size and from this point cephalad begins to 

migrate ventrad. At the level of X' its position is lateral and 

the fibers of the tenth pass through it. At the eighth it is 

ventro-lateral, the eighth arising dorsad of it. Its fibers are 

mostly small, although a considerable number of large ones 

occur in it, some of which can be traced from its first appear- 

ance in the caudal portion of the myel. No augmentation by 

fibers from motor nidi was observed, and it is presumably purely 

sensory. 

(2). Sensory nidus (terminal). Cephalad of the exit of 

the dorsal seventh, fibers arise among the cells adjoining the 

very small. In Plethodon no trace of it was found and the roots of the lateral 

line nerves are believed to be absent. Pinkus did not examine the ental origin 

of the lateral line roots in Profopterus, but the ectal relations shown by him and 

the results of Burckhardt (’91) indicate a close resemblance to the conditions 

in the Amphibia. 
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ascending V, which associate themselves with that tract near 

the exit of the nerve. The cells among which these fibers 

appear presumably represent a terminal nidus, the sensory nidus 

of Osborn. Its extent in MVecturus is much less however than 

in Cryptobranchus. 

(3). Motor nidus. A short distance cephalad of the level 

shown in Fig. 19 the motor nidus of the fifth nerve appears in 

the floor of the metencephal, succeeding, but entirely separated 

from the nidus of the seventh, compared with which it is much 

more compact. It extends cephalad to the exit of the nerve. 

From this two bundles of fibers pass down to constitute the 

smaller roots of the fifth, V’+?, which however, fuse immedi- 

ately with the larger root. 

(4). From the Mesencephal. As stated by Osborn, the 

large ganglion cells in the roof of the mesencephal which con- 

stitute the mesencephalic trigeminal nidus, are quite numerous 

in Vecturus. ‘They are found scattered throughout the extent 

of the roof but are massed more closely just cephalad of the 

cerebellum, as described by Osborn (Fig. 22). From this 

nidus large fibers spring which pass caudad grouping themselves 

in two divisions, one of which enters and passes ventrad through 

the cerebellum; most of these fibers enter the large root (V’) 

of the nerve. Others pass the fifth without entering it, as 

noted by Osborn, and may be traced caudad, meso-dorsad of 

the ascending V, to the neighborhood of the seventh and 

eighth nerves. 

The two smaller roots of the trigeminal are evidently not 

entirely the same as the motor root of man, inasmuch as from 

the latest evidence the mesencephalic descending tract enters 

the smaller motor root in man. Nor, indeed, would V? and V? 

in WVecturus be the same as the rootlets in Cryptobranchus, which 

Osborn found to be formed by the descending tract. 

I, If, Ill, and IV.—The remaining cranial nerves have 

received but superficial attention, and little more can be said of 

them than that their origins seem to be as described in other 

Amphibia. 

The trochlearis (IV) is very small in Mecturus, and I failed 

a 
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utterly to trace the fibers to their nidus of origin in the base of 

the brain. The distribution of a portion at least of the fibers 

to the metaplexus has been noted before; nothing in the char- 

acter of a terminal nidus was observed. 

The oculomotor (III) enters the brain at the level of the 

mesencephalic pit and passes dorsad to its nidus in close rela- 

tion to the posterior longitudinal fasciculus. Several large 

ganglion cells occur cephalad of this point at about the region 

of transition from mesencephal to diencephal, which Osborn 

regarded as constituting a portion of the oculomotor nidus, and 

also as having a relation to the fibers of the postcommissure. 

With Burckhardt, however, I must consider the relation of these 

cells to the post-commissure as of no significance, and regard as 

doubtful any direct connection of these with oculomotor fibers. 

The undeveloped condition of the optic nerves has been 

commented on. The decussation of the fibers appears com- 

plete, the fibers all proceeding dorsad and caudad upon the ectal 

surface of the brain to the mesencephal. 

The cranial nerves of Necturus cephalad of the tenth 

that have been more especially studied may be tabulated as 

follows : 

nerve. roots. Size. SOUrCE. character of fibers.| function.* 

Fifth Vi large ascending V fine and coarse | sensory. 
mesencephal coarse motor (?). 

sensory (terminal) fine sensory. 
nidus 

V?+V3 | small motor nidus medium motor. 
Sixth VI 

(2 roots)| small medium motor. 
Seventh Vilab. |medium| motor nidus medium motor. 

Vilaa. | small | fasc. communis fine sensory. 
Eighth asc. fibers coarse 

VIII. | large desc. fibers fine sensory 
adjacent cinerea a 

‘“‘Dorsal” | VIIb! {medium} dorsal ‘Island’ coarse 
Seventh medium dorsal tract coarse sissies 

Glosso- IX |medium | f. i fi sensor pharyngeus 3 asc. communis ne y- 

IX |medium| motor nidus medium motor. 
“Dorsal” IX /medium dorsal tracts coarse sensory. 
Ninth IX |medium dorsal tracts coarse sensory. 

* This, of course, is only stated inferentialiy, since no experiménts have 

been made to determine it empirically. In general, those roots springing from 
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Fiser TRACTS. 

It seems best to collect under this head disconnected ob- 

servations that have been made on the fiber relations in various 

parts of the brain, and which, due to inadequate study of the 

structure of related parts must be treated separately. 

Lemniscus.—As far caudad in the oblongata as the exit of 

the tenth nerve (X') a denser arrangement of some of the fine 

fibers in the ventral region of the oblongata is apparent. This 

becomes more marked at the ninth and in the region of the 

eighth a more or less distinct bundle is formed in the alba (Fig. 

17) midway between the meson and lateral aspect. This grad- 

ually becomes more marked and migrated laterad to pass dors- 

ad into the mesencephal and there become lost. It is shown 

in the figures 15-17; 19-21; and 35. A large portion of the 

fibers which form this this tract in the oblongata cross in the 

raphé, and undoubtedly come from the dorsal regions as arcu- 

ate fibers, as may be seen from horizontal sections. ‘This pre- 

sumably represents the lemniscus or a portion of it as Herrick 

has already stated. It appears to be much better developed, 

as a myelinic tract at least, in Mectwrus, than in Amblystoma or 

Diemyctylus. 

Posterior longitudinal fasciculus ( Fasciculus longitudinalts 

dorsalis, Hintere Langsbindel).—The course and relations of 

the fibers of this tract in the caudal portion of the oblongata 

have been already described. Cephalad of the fifth nerve the 

tracts are represented by a few coarse fibers with which are as- 

sociated finer ones. Just caudad of the mesencephalic pit 

other longitudinal fibers decussate and become closely associated 

with these bundles. Slightly cephalad of the exit of the third 

nerve, this tract is no longer recognizable ; its disappearance in 

the ventral region of the oblongata are motor, those arising from the dorsal por- 

tion and having relation to small-celled nidi are considered sensory. There 

would seem to be no doubt of the correctness of the function ascribed, since it 

is confirmed by the study of the distribution of the nerves, and, in the case of 

certain of them (e. g., fifth and seventh) in which the ental origin is much 

as in higher forms, a double confirmation can be had. 
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the immediate neighborhood of the large cells in this region, — 

the second oculomotor nidus of Osborn,—is suggestive. 

Cerebellum.—The structure of this may be reviewed here. 

It is very rudimentary indeed in Wectwrus, consisting simply of 

fibers in two groups, as described by Osborn for Cxyptobranchus; 

coarse fibers which pass up from the oblongata and turn into the 

mesencephal on each side of the meson; fie fibers, some of 

which turn caudad into the metencephal, and some cephalad 

into the mesencephal,—thought by Osborn to be decussating 

tracts from the auditory nerve. The rudimentary condition of 

the cerebellum did not permit me to recognize the prepedun- 

cles' (Bindearme), which are present in other Amphibia, and 

decussate cephalad of the mesencephalic pit (Burckhardt, ’g91). 

Postcommissure.—This is well developed. Its fibers are 

readily followed toward the base of the brain, but soon become 

dispersed, some of them appearing to assume a caudal direc- 

tion. Koppen (’88) states that in the frog they end in the cin- 

erea dorsad of the pars peduncularis. 

Meynert’s bundle is a close though small tract in Necturus. 

It arises in the region of the habenas and passes caudo-ventrad 

to the ectal surface of the base of the brain, where it becomes 

diffuse, but may be traced caudad to the mesencephalic pit. 

Considerable obscurity has existed concerning the relations of 

this tract in lower forms. It is generally described as terminating 

in the interpeduncular ganglion; Ahlborn however, stated that 

in Petromyzon it might be traced into the oblongata; Osborn 

(88) traced it slightly caudad of the interpeduncular nidus in 

Cryptobranchus, while Burckhardt (91) has apparently recog- 

nized two tracts in Protopterus, a fasciculus retroflexus terminat- 

ing at the ganglion interpedunculare, and a Meynert’s bundle 

entering the oblongata. The recent application of the Golgi 

method by Gehuchten ('94) to this problem (in the trout) has 

shown that the fibers of Meynert’s bundle spring from cells 

in the habenas and terminate in end-brushes in intimate relation 

to the cells of the interpeduncular nidus. 

1 Herrick has called these in the frog medipeduncles. In the absence of 

a pons this interpretation seems to me erroneous. 
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Supracommissure.—This is but weakly developed in Necturus. 

As described by Herrick it consists of two bundles, a cephalic 

larger anda caudal smaller which cross the meson indepen- 

dently. Whether or not the smaller one could be regarded as 

a commissura habenarum could not be determined since the two 

parts of the commissure joined farther laterad. In addition to 

a small contingent which seemed to pass ventrad into the thal- 

amus, this tract passed ventro-laterad into the lateral wall of 

the cerebrum. (Fig. 28.) 

Another small number of fibers, a few of them medullated, 

passed down from the region of the habenas into the mesal wall 

of the cerebrum. They did not however, seem to come from 

the supracommissure. 

Ventral commissures.—Considerable difficulty attends the 

homology of the fibers which cross in the floor of the dien- 

cephal and mesencephal. Caudad and cephalad of the mesen- 

cephalic pit myelinic fibers cross the meson; those caudad 

are decussational, while those cephalad seemed to be decussa- 

tional in part and may be, I am inclined to believe, regarded as 

representing the commissura ansulata of teleosts. 

Caudad of the optic chiasma an extensive crossing of fibers 

occurs, the larger portion of which, at least, are myelinic, in 

which Herrick has attempted to find the representatives of the 

commissures of the teleostean brain. The larger portion of the 

fibers turn dorsad and then caudad to reach the mesencephal, 

the commuissura transversa (Decussatio transversa, Edinger). I 

cannot agree with Herrick in the recognition of a commissura 

horizontalts ; what he figures and describes as such in Necturus, 

I find to be amyelinic bundles from the thalamus which join the 

basal prosencephalic tract. However, I agree with him in 

being unable to find any trace of the ‘‘ Mantelbiindel”’ of 

Edinger ; a few only of the fibers which cross caudad to the 

chiasma turn cephalad and suggest a possible homology. 

Precommissure.—This has already been mentioned in the 

discussion of the question of callosum. Fibers which cross in 

this commissure turn, some cephalad, and some caudad, repre- 

senting presumably the pars olfactoria and pars temporalis of the 
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precommissure of higher forms. Numbers of myelinic fibers 

from the basal prosencephalic tracts decussate in it and also 

dorsad to it. Immediately above it is the callosum of Osborn, 

here called for distinction ‘dorsal commissure.’ 

Basal Prosencephalic Tract.—As has been stated by Fish 

(95), the fiber bundle thus designated has received various 

names. Of these the term applied by Edinger, ‘ Basale Vor- 

derhirnbiindel’ seems to the writer most appropriate and the 

English equivalent employed by Osborn, ‘basal prosencephalic 

tract’ (0. p. ¢. of the figures) is used. The term ‘‘ peduncle” 

employed by Herrick and Fish is misleading since these tracts 

are not the equivalent of the pedunculi cerebri, or crura. Were 

there no false homology implied, the term peduncle would still 

be objectionable because of the possible confusion with the 

peduncles of the cerebellum. 

Edinger (’93, p. 31) speaks as follows of this tract: ‘‘ Das 

Vorderhirn der Knochenfische besitzt an der Basis ein macht- 

iges Stammeganglion, Corpus Striatum,..... Das Stamm- 

ganglion andert nun von den Fischen bis hinauf zum Menschen 

seine Lage und sein relatives Grossenverhaltniss nicht mehr 

wesentlich. Am gleichen Orte finden wir tiberall die gleichge- 

baute Anhaufung von Ganglionzellen, wberall entspringt aus ihr 

ein machtiges Faserbtindel, das sich caudalwarts wendet und 

immer in Ganglien des Zwischen- und Mittelhirn sich auflost. Es 

heisst basales Vorderhirnbindel und ist fur Sauger seit Langem 

als Linsenkernfaserung bekannt.”” On pages 93 and 94 is given 

a further discussion of the representative of this bundle in the 

mammalian brain. 

In Necturus these tracts may be recognized first in the 

caudal portion of the diencephal where the fibers which form 

them are rather diffuse. Farther cephalad it is augmented by 

several bundles of amyelinic fibers which come from the thala- 

mus (Fig. 23) and at the level of the optic nerve it has become 

a well marked round bundle ( Fig. 28) containing both myelinic 

and amyelinic fibers. Apparently few fibers come from the 

mesencephal, none farther caudad; a small portion also seems 

to come from the infundibular region. It passes into the latero- 
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ventral wall of the cerebrum, which has been homologized with 

the striatum, and there most of its fibers terminate. Some of 

the fibers decussate in the precommissure as before mentioned, 

and a number extend into the olfactory lobes. These olfactory 

fibers divide into two groups, one of which passes cephalad to 

the olfactory lobe in the ventral wall of the cerebrum, while the 

other bundle passes gradually laterad, dorsad and then mesad 

to the extreme cephalic portion of the mesal wall. These are 

probably those mentioned and figured by Osborn in the dorsal 

aspect of the brain of Szven. 

In the cinerea of the lateral wall just caudad of the olfac- 

tory glomeruli numbers of myelinic fibers appear which pass 

dorso-cephalad to the mesal wall. Whether or not these con- 

stitute a.tract connecting the lateral and mesal walls of the 

olfactory lobe, or come cephalad from the peduncles in the cin- 

erea, could not be determined. ' 

Upon the ventral surface of the cerebrum several small 

fascicles of amyelinic fibers go caudad from the olfactory lobes 

to the region immediately cephalad of the mesencephalic groove 

(mammillary region?) where they turn mesad and disappear. 

They undoubtedly represent a diencephalic olfactory tract 

and are shown in the figures as o/f. tr. Some of these fibers 

decussate below the precommissure, others do not. They are 

shown in Figures 27 and 36 and in the transections through 
the regions they traverse. 

1Since the above was written has appeared a paper by G. Elliot Smith in the 

Anatomischer Anzeiger (Vol. X, No. 15, pp. 470-474) on ‘‘ The Connection between 

the Olfactory Bulb and the Hippocampus,” in which is discussed a direct con- 

nection in the mesal wall, of the fascéa dentata with the olfactory lobes, which 

was found in the Marsupial Brain (Platypus), and believed by him to be repre- 

sented in the brain of the higher mammals by the striae Lancisii. Should that 

portion of the mesal wall in the amphibian brain to which the fibers of the 

dorsal commissure are distributed be shown to constitute a representative of 

the hippocampal region of the mammalian brain, it is suggested that the above 

described fibers might in that case represent a direct connection between the 

region of the olfactory glomerules and the mesal wall. In that event, however, 

the olfactory lobes would be almost, entirely lateral, being represented in the 

mesal wall only by the extreme cephalic portion. 

a 



Kinespury, Brain of Necturus. 197 

SUMMARY. 
1. As compared with certain smaller urodeles, the brain 

of Necturus is greatly elongated. This appears to be due 

largely to a greater inequality between the rates of growth of 

the brain and skull. This is shown, it is thought, especially by 

(a) the almost entire absence of a pons flexure, (0) the length 

of the olfactory nerves, (c) the extent of the diatela. 

2. Acallosum is considered to be entirely absent in the 

amphibian brain: what has been generally regarded as such 

is here thought to be a hippocampal commissure, in part at 

least, although the homology should be dependent on compara- 

tive study. 

3. An olfactory tract upon the extreme ventral surface of 

the cerebrum may be traced to the region just caudad of the 

the infundibulum,—presumably the region of the albicantia. 

4. The paraphysis is well developed and in communica- 

tion in the adult with the encephalic cavities. The postpara- 

physis of some authors is not regarded as a true evagination. 

5. The fiber relations in the oblongata have been inves- 

tigated to a certain extent; especial attention having been paid 

to the posterior longitudinal fasciculus, the dorsal tracts, lem- 

niscus and the arcuate fibers. 

6. The ental origins of the cranial nerves are worked out 

more or less completely. For general results Tables on pages 

179 and IgI may be consulted. In particular, the motor por- 

tion of the facial nerve is shown to have the same mode of 

origin as in the majority, at least, of vertebrates. The first 

two roots of the vago-glossopharyngeal group, stated to be the 

representative of the lateral nerve of ‘‘ fishes,” and the nerve 

termed ‘‘dorsal seventh,” are composed of fibers of the same 

appearance and terminate in the dorsal region of the oblongata 

in the neighborhood of the eighth nerve. 

7. Mauthner fibers were demonstrated in the adult Vec- 

turus, Amblystoma and Diemyctylus. Amblystoma is a land form, 

hence there is no direct correlation with an aquatic mode of life 

8. A ligamentum denticulatum is present in Necturus. 

g. The mesencephalic pit is well marked in Mecturus, 
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10. The fourth nerve is distributed in part to the meta- 

plexus (or the dura). It is possible that such fibers are sensory, 

although no distinct ganglion was seen. 

11. Myelinic nerve fibers from the mesencephal pass to 

the ectal surface of the brain immediately ventrad of the epi- 

physis; these may possibly represent a parietal nerve. 

12. The optic nerve in Necturus is hollow for a portion 

of its length and the fibers of which it is formed are amyelinic ; 

being in both these respects in a primitive condition. 

IrHacaA, N. Y., June, 1895. 
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DESCRIPTION OF FIGURES. 

All the figures with exception of I, 2,4, and 41 were outlined by the aid 

of the Abbe camera luctda. Figs. t and 2 were drawn from enlarged photo- 

graphs, while 4 and 41 were reconstructed from series of sagittal sections. In 

the description of each figure the approximate degree of magnification is given. 

In all frontal sections and transections the right side of the figure corresponds 

with the right of the observer. Myelinic fiber tracts are given in blue, amyel- 

inic in black. An especial effort has been made to indicate clearly the contin- 

uity of the endyma and the concomitant circumscription of the cavities in 

accordance with the precept and example of Prof. Wilder; see, in particular, 

his note on the ‘Morphological Importance of the Membranous or other thin 

Portions of the encephalic Cavities,” Jour. of Comp. Neurology, Vol. 1., pp. 

201-203, 1891. 

ABBREVIATIONS. 

a.—aula (mesal part of prosoccele.) mf,—Mauthner fiber. 

asc. V.—ascending tract of the fifth . g.—mesencephalic pit. 

nerve. mic.—myeloccele. 

asc. X.—ascending fibers of the tenth t.—metatela. 

nerve. mtc.—metaccele. 

a. v. ¢c.—anterior vertical canal. mtplx.—metaplexus. 

6, p. t.—basal prosencephalic tract. m. V.—mesencephalic tract of the fifth 

cb.—cerebrum. nerve. 

ch.—chiasma. obl,—oblongata. 

cb6l.—cerebellum. _ of.—optic fibers. 

comm. tr.—commissura transversa. olf.—olfactory. 

cto.—commissura tecti optici. olf, tr.—olfactory tract (text). 
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adc.—diaccele. on.—optic nerve. 

@. comm.—‘‘ dorsal”? commissure of ov.—optic recess. 

the text. p-—porta (foramen of Monro). 

d. e.—ductus endolymphaticus, paraph,—paraphysis. 

Dien.—diencephal. pc.—paraccele (‘lateral ventricle’). 

daplx.—diaplexus. psc.—postcommissure. 

at.—diatela. £4f.— posterior longitudinal fasciculus. 

e. h. c.—external horizontal canal. por.—preoptic recess. 

Epen.—epencephal. ppilx.—prosoplexus. 

epiph.—epiphysis. prce.—prosoceele (entire cavity of pros- 

f. c.—fasciculus communis. encephal. 

g/.—glomerule. prces.—precommissure. 

gin.—ganglion,. Prosen.—prosencephal. 

hb.—habena. rc.—rhinoceele. 

hyph.—hypophysis. Rhinen.—rhinencephal. 

tnfd.— infundibulum. S. é.—saccus endolymphaticus. 

7.—lemniscus. sp.—spinal. 

7. r.—lateral recess. spcs.—supracommissure. 

mb.—Meynert’s bundle. splx,—supraplexus. 

m. ¢.—Mauthner cell. ¢.—terma. 

mc.—mesoceele. tr. a.—tract a. (text) 

Mesen.—mesencephal. tr, 6,—tract 6. (text) 

Meten.—metencephal. vel.—velum (transversum), 

PLATE IX. 

fig. 71. The brain of Mecturus maculatus, dorsal aspect. x 5.4. 

fig. 2. The same from the ventral aspect. x 5.4. 

fig. 3. The same, lateral aspect. x 5.4. The cranialnerves are shown but 

diagrammatically, as is to a less extent their representation in Fig. 1 and 2. 

Fig. 4. The mesal aspect of the brain as reconstructed from sagittal sec- 

tions. x 9. 

fig. 5. Latero-ventral aspect of the oblongata to show the roots of the 

cranial nerves. This is a reconstruction from transections and is diagrammatic ; 

the roots of the seventh and eighth nerves are, for the sake of clearness, separ- 

ated somewhat more widely than is actually the case. (See Fig. 19.) 

fig. 6. The metaplexus from the ental aspect to show the arrangement 

of the folds. 

fig. 7. Transection through the brain of a larval Necturus, 6-8 weeks old, 

at the level of the ‘‘dorsal’? commissure. The precommissure appears a few 

sections farther cephalad. x 31.5. 

fig. 8. Transection of the brain of a just hatched larva, at the portas, to 
show the paraphysis. x 31.5. 
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PLATE X. 

Fig. g. Transection of the myel in the cervical region near the 3rd (Ist 

ganglionated) spinal nerve. x 22. 

Figs. ro-20. A series of transections through the myel and oblongata, to 

illustrate its structure and the origin of the cranial nerves ; from a series fixed 

in Hermann’s fluid. The nerve cells are represented necessarily diagrammatic- 

ally and somewhut enlarged. The metatela is shown merely in outline. 

fig. ro. Transection of the myel near the second spinal nerve. 

fig. 11. Transection at the beginning of the metatela. x 22. 

Fig. 12. At the level of the exit of the last root of the Vagus nerve, 

(Xie 2" 

fig. 13. At the exit of the first root of the Vagus (X}). x 22. 

fig. 14. At the Jevel of the glossopharyngeus (IX*+4). x 22. 

Fig. 715. At the entrance of the ‘dorsal ninth”? (IX‘+%). x 22. 

Fig. 16. Transection between IX! and VIII. x 22. 

fig. 17. At the level of the seventh and eighth nerves. x 22. 

fig. 78. A portion of a transection in the region of the eighth nerve 

showing the form and relations of the Mauthner cell. x 42.5 

fig. 19. A transection between the seventh and fifth nerves, at the divis- 

ion of the ‘dorsal seventh’ (VIIb) one branch going to the Gasserian gan- 

glion (1%4 VIIb, Fig. 1). x 22. 

Fig. 20. At the exit of the fifth nerve. x 22. 

Fig. 21, Transection farther cephalad, at the rising of the lemniscus, and 

showing the lateral extensions of the metencephal, the hypophysis and saccus 

vasculosus. x 147+. 

fig. 22. Transection at the mesencephalic groove and the entrance of the 

third nerve. Attention is called to the large cells of the mesencephalic trige- 

minal nidus and the fibers from the olfactory region which end in this neighbor- 

hood. (Tr. olf.) x 147. 

Fig. 23. Transection at the transverse commissure showing the epiphysis 

and the beginnings of the peduncular tracts; also fibers joining them from the 

thalamus (walls of the diaccele). x 18+. 

fig. 24. A transection through the cranium and ear capsules to show the 

relation of the endolymphatic sac to the brain. The walls of the membranous 

ear are distorted, the perilymphatic space being very large. Compare Figs. 17 

and 19. x 8.3. 

Fig. 25. A portion of a dorsal frontal section to show the paraphysis and 

the extension of the diaccele simulating a more caudal evagination, lined with 

cells differing in appearance from those of the paraphysis. x 14. 

fig,26. A section slightly farther ventrad than the section shown in 

Fig. 25. x 9. 

fig. 27. A frontal section far ventrad, following Fig. 35, Plate XI. It 

passes through the precommissure and the mesencephalic groove. Just caudad 

of the mesencephalic groove, fibers are shown decussating; cephalad of it are 

fibers from the olfactory lobes. x 6.6. 
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PLATE XI. 

fig. 28. Transection at the level of the optic nerves. The tract of the 

supracommissure is also shown passing to the lateral walls of the cerebrum. 

x 18+. 

fig.29. Transection slightly caudad of the portas. Fibers are shown col- 

lecting from the caudal mesal walls of the hemicerebrum and from the dien- 

cephal to take part in the dorsal commissure, the caudal edge of which is also 

shown, The diatela is greatly expanded. x 18+. 

fig. 30. Transection through the precommissure and the portas, through 

which extend the paraplexuses, intruding from the supraplexus, which encloses 

the paraphysis. The fibers of the dorsal commissure appear as a bundle roof- 

ing the portas. Compare with the more caudal section, Fig. 42. x 18+. 

fig. 31. A transection just cephalad of the terma where the paracceles are 

limited in the mesal walls by endymal cells alone. x 18+. 

fig, 32. Farther cephalad than section 31. The cinerea reaches the ectal 

surface in the mesal walls. x 14+. 

fig. 33. A transection through the olfactory lobes showing the glomerules 

and the ectal cinerea upon the ventral and dorsal aspects in this region. x 18+. 

fig. 34. A frontal section through the prosencephal. x 6.6. 

fig. 35. A frontal section at a more ventral level. It may be compared 

with the preceeding and with Figs. 44 and 42 for the relations of the dorsal 

commissure. x 6.6. 

fig. 36. <A frontal section near the ventral surface of the brain. It shows 

a decussation of a portion of the olfactory fibers ventrad of the precommis- 

sure. x 6.6. 

fig. 37. A frontal section through the chiasma. x 12.5, 

figs. 38,39 and go. Sagittal sections through the brain, 38 the most near- 

ly mesal. In Figs. 38 and 39 appear fibers of the dorsal commissure, in all, the 

transverse commissure. Fig. 39 also shows Meynert’s bundle and the postcom- 

missure, x II—. 

fig. gz. A mesal section through the brain of a larval Necturus, 4 weeks 

old. Reconstructed from sagittal sections through the head. x 9. 

fig. 42. A transection through the dorsal commissure. A portion of the 

precommissure only is shown, so that the relations are not well represented in 

transection, for which the mesal section should be consulted, Fig. 4. Fig. 42 

is intermediate between Figs. 29 and 30. x 9. 



THE CORTICAL OPTICAL CENTRES IN BIRDS 

By Dr. Lupwic EDINGER. 

Synopsts of an Address at the Meeting of Southwest German Neurologists and 

Psychiatrists, 1895. 

Dr. Edinger had demonstrated to the Association in former 

meetings how gradually the cortex has developed in the animal 

series from insignificant beginnings. The latest investigation 

concerns the question, ‘‘ Which fibre systems were earliest to de- 

velop to or from this cortex?” 

A year ago it was demonstrated to the Association that 

the earliest cortical connections, appearing in reptiles, belong to 

the olfactory apparatus (olfactory radiations and fornix). It is 

now possible to locate a tract from the cortex to the optical 

centres. This appears to be absent in reptiles but is so highly 

developed in birds (pigeons) that it may be considered as the 

strongest tract of the cerebrum. The tractus occipito-tectalis, 

as it is termed by Edinger, arises near the brain base quite in 

the occipital region and passes cephalad, curving ventrad ceph- 

alad of the precommissure. It may be followed into the mes- 

encephalon where the optic nerve terminates. The region of 

origin of this bundle in birds is where the axial lobe is but im- 

perfectly separable from the cortex and is accordingly not to be 

distinguished from the former with certainty, but from its periph- 

eral origin it is regarded as a cortical tract rather than the most 

caudal portion of the radiations from the axial ganglion. The 

tract becomes medullated some weeks after hatching exactly as 

in the mammals where it has the same termini. 

The course was verified by serial sections and especially by 

the results of degeneration. Three pigeons from which the 

occipital region was removed by operation were preserved alive 

for three weeks. In these the tract was completely degenerate. 

1Authorized translation from Arch. f. Psychiatrie, XXVII, 3. 
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In the thalamus it occupies the most dorso-lateral region of the 

basal cerebral bundle and ends behind the chiasm after passing 

laterad in the deepest layers of the mesencephalon in broad di- 

varications. At least Marchi preparations do not enable us to 

trace it further. Bumm has recognized the origin in the cortex 

but not the terminus in the mesencephalon. It is Bumm’s 

‘«dorsale hirnschenkel abtheilung.”’ Birds also possess another 

tract to the mesencephalon, the ‘‘ Biindle der sagittalen Scheide- 

wand” [so-named by Bumm but called by C. H. Turner 

‘tractus Bummi’’] the course of which was also traced in de- 

generation preparations. It does not end in the optic centres 

but in a special nidulus lying cephalad of these and whose rela- 

tion to the optic system is yet to be proven.’ 

Dr. Edinger then demonstrated this long associational tract 

which appears first in birds. 

Since the present state of our knowledge warrants the view 

that the cortex is the seat of those psychical functions which 

are carried on consciously by means of reflection with employ- 

ment of memory images, sucha discovery of cortical tracts 

connecting with niduli of special sensory apparatus has a high 

degree of interest from the standpoint of comparative psychol- 

ogy. It now becomes more easily intelligible that birds exhibit 

in some of their activities very highly developed optical mem- 

ory capacity. The lower terrestrial vertebrates may find all 

their vital necessities accommodated for by the impression af- 

forded by the sense of smell, but in the case of birds this would 

not be advantageous. On the contrary, as they float far above 

their food or roosts they must be able to recognize them by 

means of vision and especially to distinguish them from moving 

objects spuriously resembling their prey. Illustrations were 

cited by the speaker and by the ornithologist, Dr. Wurn. 

[See editorial note elsewhere in this number. ] 

2It may be recalled that Turner traced this tract from ‘‘ frontal or the 

fronto-median lobe ’’ beneath the precommissure to the outer layer of the tectum, 

His methods were such as permitted ambiguity. 



EDITORIAL. 

THE CorTICAL OPTICAL CENTRE IN BIRDS. 

The address which appears in synopsis elsewhere in this 

number prompts us to call attention to the fact that the tract 

described by Dr. Edinger is by no means the earliest connection 

found between cerebrum and the optic centers. It does not 

appear from the paper what part of the tectum is the terminus 

of the ‘‘tractus occipito-tectalis’’ but it is obvious that it is a 

direct associational tract. Even in fishes the writer has distin- 

guished a strong tract entering the axial (cerebral) lobe from 

diencephalic niduli and effecting connections with other regions. 

Among these is a contingent springing from the geniculata of 

either side where they arise in large ‘‘switch cells” one limb 

of which seems to be connected with tectal tracts. Now, the 

writer claimed several years ago that the axial lobe of fishes 

must contain in potential the elements of the cortex and that 

the elementary connections would all be discovered there. 

Histological evidence was brought forward to show that 

the axial lobe is by no means the simple homogene- 

ous structure it had been supposed. Jt cannot be homo- 

logous to the striatum. frst, it contains a multitude of dis- 

tinct niduli. Second, these niduli differ among themselves 

in form, size, color reactions and processes. T/zrd, the tracts 

connecting these niduli pass in various directions. For example, 

in the cephalic parts large cells give rise to axis-cylinders pass- 

ing into the ventral peduncles. In the meso-caudal portion is 

a cell cluster on either side which receives the lateral olfactory 

radix in exactly the same way that the pyriform lobe of mam- 

mals does and since a homologue of the descending fornix 

springs from the same cell mass and passes to the mammillaries 

(which positively occur in all fishes in the usual place and have 

nothing to do with the hypoaria) it seems necessary to consider 

that the cell cluster contains the homologon of the hippocampus. 
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The existence of a cephalic commissure aside from the precom- 

missure and olfactory decussation (whether one should think of 

a callosum or not in that connection) is also in point. In other 

fishes than the teleosts we find still greater evidence that such 

a consolidation has taken place ; in fact nearly all steps between 

the ichthic and amphibian brain are now known. This does not 

necessarily open the question as to the pallium which in spite 

of the acrimonious discussion it has awakened is really a 

very narrow morphological problem. Whether the pallium 

represents the cortex of other groups or whether it is the 

median plexiform prolongation which in higher forms serves a 

nutritive function and lies within the ventricle is a question inca- 

pable of arbitrary solution. The two are continuous and at an 

early stage are indistinguishable. The distinction can only be a 

functional one and from a broad morphological point of view 

is not worth discussing. The great fact remains that the 

ventricle is enclosed in all forms alike by the product of the 

embryonic vesicle. To return to our original question. It is 

seen that in all craniates there is a sensori-motor loop in the 

cerebrum and that in all forms of which we have sufficient data 

the tectum is indirectly connected with the pallium or its homo- 

logon. We venture to differ from Dr. Edinger in his sweeping 

statement that the olfactory function is the only special sense 

which enters the psychic life of infra-avian vertebrates but be- 

lieve that we have evidence which may soon be elaborated to 

show that reptiles also have their optic associations. However, 

the interest attaching to Dr. Edinger’s generalization is not 

diminished thereby. In birds, we are told, a large drect asso- 

ciational tract becomes conspicuous and is correlated with the 

predominant visual element in their regime. 

Gait) VETERRICK* 
Sey sey wick 

NEUROLOGY AND MOownIsM. 

The question often obtrudes itself, ‘‘ Does modern neurol- 

ogy afford any evidence toward a dualistic construction in psy- 

chology?”’ The answer may be both ‘‘yes” and ‘‘no”’ and 

the consideration of the two answers may indicate to some ex- 
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tent the limitations of neurology as a handmaid of psychology. 

The problem is, in reality, very simple so long as the bounds of 

neurology are not overstepped. 

We naturally approach the subject from the zsthesodic 

side. In other words, we enquire, does the mass of stimuli 

which forms the incentive to all subjectivity reach consciousness 

in more than one form, and, if so, are these various forms cap- 

able of producing different ‘‘aspects’’ of reality? Of course 

an affirmative reply can be given to the question in its first 

form at once. All stimuli of the higher senses habitually pre- 

sent themselves to the cortical or conscious centres in a double 

way. In the case of vision, forexample, the perfect visual stim- 

ulus reaches the tectum and undergoes the complicated analysis 

which the structure and genetic relations of the latter to the 

retina so strongly suggest and then effects codrdinations with 

the occulomotor mechanism, completing the entire visual act, 

even to the connections with the automatic efferent centres. 

No cortical consciousness is involved in these processes but 

the latter is provided for by ‘‘associational tracts’’ connecting 

with the occipital cortex where other cortical connections are 

effected. Our point here is simply that the whole visual process 

is completely out of the conscious sphere and mechanism and 

that a separate loop is developed in higher animals to effect the 

cortical communication. Now when an objective image is 

formed on the retina and the physiological processes of vision, 

accomodation, etc. follow, a second and entirely distinct process 

may be induced, under suitable circumstances, in the cortex to 

which alone the perception of the object is due. A decorti- 

cated dog will see perfectly well and avoid obstacles, but is un- 

able to perceive or recognize the object. 

Under other circumstances it may happen that the cortical 

region may be excited by a stimulus other than those arising in 

the optic lobes and there will follow a more or less perfect re- 

vival of some of the various processes which had previously 

been inaugurated by a visual excitement. The second form of 

cortical excitement is due to a vestige and may be called a ves- 

tigeal or indirect. This is often spoken of loosly as a subjective 
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image as contrasted to an objective. But from a psychical 

point of view one is quite as objective as the other, while, if the 

distinction is a physiological one, it is obvious that there are at 

least two other varieties of ‘‘subjective images” possible, (1) 

those due to disturbances in the eye ball, (2) those due to irrita- 

tion of the tectum. Perhaps, however, the last two cannot be 

physiologically distinguished and may grouped as tecto-retinal. 

It is, however, apparently true that the tone of the cortical 

image is different from that superposed on the infracortical pro- 

cesses described. (It is not necessary to do more than indicate 

that besides the direct associational tracts here alluded to there 

are indirect connections between the optic lobes adequate to ex- 

plain the dissimilarity between the vestigeal and the objectively- 

occasioned visual process in the cortex.) Much ambiguity still 

prevails in the attempt to discriminate different types of visual 

reproduction. There is hardly a question that involuntary re- 

production may be either vestigeal or hallucinatory (tecto-ret- 

inal). In the latter case the actual colors and forms are as 

really presented as if an object were before the eye. On the 

other hand, it is very doubtful if voluntary reproduction is ever 

other than vestigeal. The conscious differences in tone between 

the two forms of sense perception are not, as often claimed, 

matters of degree—they are differences of kind or tone. How 

this difference arises it is needless to enquire; it may be that, 

besides the visual impression directly formed, the profound dis- 

turbances and coordinations in the mesencephalon during vision 

produce a great variety of modifications of consciousness. It 

would be strange if it were otherwise. 

Ordinarily cortical vision involves a vast system of inter- 

actions between different centres, giving rise to perception and 

higher mental acts. Perception, for example, must not be 

thought of as a definite category of coordinate processes. 

Rather, the act may be very simple or highly complex, depend- 

ing on the number of vestiges coordinated in it. The higher 

processes are higher not because of this kind of complexity 

but because of a greater degree of kinesodic participation, i. e. 

because there is a coordination of higher and lower centres in- 
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stead of a great number of similar centres. (Of course, accord- 

ing to a dynamic theory, the act of consciousness is not the re- 

sult of an excitation in any cell or cells but is produced by the 

impinging of an zsthesodic upon a kinesodic system in recip- 

rocal reaction. The transmission of nervous force does not 

produce a higher force; but the peculiar interference or increase 

of tension of nerve forces in antagonistic equilibrium does. 

Consciousness depends on the dynamic element—a translation 

of force into energy and thus, ¢o ws, there seems to be a com- 

plete hiatus between consciousness and all other phenomena. ) 

The above illustrations may serve to show that in the pre- 

sentative field there are two forms of neurosis which enter into 

our ideas of subjective and objective. But we seem to have 

ignored the most obvious distinction—the various degrees of 

zesthetic value which the presentations possess. Upon the the- 

ory of pleasure-pain elsewhere proposed it is possible for any 

sensation to present with its own proper content other stimuli 

due to the quantitative relations of the stimuli. (It may be 

noticed in passing that the apparent difficulty in this theory—its 

incompetence to explain the pains of negative states, as ennui 

etc., is only apparent. Whether a stimulus is painful or not 

depends not on the absolute intensity of the irritation but on 

the capacity of the mechanism to transmit it. In ennui the 

sluggish system is incapable of reacting against the slight stimuli 

and their monotonous character causes a summation and inter- 

mittent discharge. In fatigue the exaggerated bodily processes 

of repair are sufficient to create summations in the enfeebled 

nerve centres. In either case the awakening of attention will 

remove the symptoms. ) 

We conceive that the greater quantitative element involved 

where pleasure-pain increments are present to a high degree ac- 

counts for the tendency of such presentations to awaken kin- 

esodic responses and that we reach by this means essentially the 

same difference as that between the vestigeal and the ‘‘ object- 

ive’’ presentation. That is, in the presentation essentially de- 

void of algedonic color, as in the vestigeal one, there is wanting 

the reflected glow of the extra-focal processes which in the 
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other cases constitutes a quale of the perception or the like. 

There is a dualism then dependent on the extent to which the 

direct impression is reinforced by indirect or reflected results of 

the stimulus. 

On the kinesodic side a somewhat similar dualism exists. 

Thus the motor origins whence the real nervous force involved 

in our acts is derived are chiefly infra-cortical. The vast major- 

ity of such acts are performed without the aid of consciousness. 

Even in cases where the subsidiary cortical current actually 

passes it may awaken no consciousness. (This is explained 

upon a dynamic theory of consciousness. The cells are indeed 

excited by the current but, for whatever reason, no interference 

or kinesodic reaction is produced. Only when an antagonistic 

wave is set up is consciousness possible. This does not, how- 

ever, prevent an unconscious process from awaking conscious- 

ness afterwards by vestigeal action.) But when both esthes- 

odic irritation and kinesodic response occur in consciousness we 

acquire a new idea of relation, i. e. sequence, cause. When 

the preliminary to the kinesodic discharge is a complicated co- 

ordination of vestiges the response acquires a highly purposive 

character. (It is worth noting in this connection that such ideas 

as sequence, duality, plurality, multiplicity, etc., must of neces- 

sity have a unitary or qualitative psychological basis. Crudely 

illustrating the nature of the neuroses in this field, we might 

suggest that the superposition of similar vestiges would give 

rise to an impression of identity while the superposition of an 

‘‘ objective presentation’ upon a vestigeal one of the same kind 

produces the impression of succession. Time in its purely pre- 

sentative aspect seems capable of a somewhat similar construc- 

tion.) Those kinesodic activities which deal with the reactions 

of motor vestiges on sensory vestiges of successively higher or- 

ders bring us to the higher intellectual processes. We come, 

at any rate, to the apprehension of processes felt by us and 

processes not felt by us—things ‘‘done by us” and things 

‘not done by us.”” We have here the two ‘‘points of view”’ 

on which Morgan e¢ a/. rely to establish two ‘‘aspects of reali- 
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” ity.”’ Our analysis, tabetic as it has been, serves to indicate 

how insufficient the data are to serve as criteria of reality. 

Only one thing of all this is psychical—consciousness. 

Our idea of non-conscious activities is reached by the method 

of difference. Our judgement that part of our acts are uncon- 

scious means simply that the same sensory state is often com- 

bined with different amounts of kinesodic activities. A ‘‘dual- 

ism of experience’’ does not exist, only a dualism of judge- 

ment. Consciousness does not give us directly a distinction 

between self and not self. Self is a conception dependent not 

on the antinomies of the conscious and non-conscious but on 

the variable mixtures of kinesodic and zsthesodic actions. Do 

we then at last find the two aspects of experience in the two 

phases of consciousness due to kinesodic and zesthesodic action 

respectively? Evidently not. Consciousness of what I have 

done and what I have experienced are both irresolvable activi- 

ties, though their physiological occasions are combinations. 

Consciousness is different from the neuroses or forces which oc- 

casion it, not another aspect of them. We may illustrate from 

physics. When two forces are in antagonistic equilibrium the 

forces are destroyed, i. e. are replaced by energy. This energy 

is something different from its component forces. Our dualism 

is one of limitations. Spatial relations are developed from se- 

quences and before they reach perception are translated into the 

interaction of residua. Thus we speak of immediately per- 

ceiving a colored space as extended, limited, etc. But the 

concept of space arose in the first place through sequences of 

sensori-motor coordinations. After these are once formed they 

are represented by residua which serve to present spatial ideas, 

as we say, directly. In like manner we become through habit 

unconscious of the scaffold by which most of our higher con- 

cepts are reached. 

It is not necessary to amplify farther. The suggestions 

from neurology seem to us to be consistent with neither dualism 

nor materialistic monism but instead with a form of dynamic 

monism. - C. L.- HERRICK. 
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RECENT LITERATURE. 

Popular Zoological Literature.! 

There is scarcely anything so irritating as the miserable and clap- 

trap material put forth by modern publishers as popular zoology. 

One may read and be entertained by blood thirsty hunting tales where 

every law of scientific probability and possibility is ignored. So much 

may be granted to the field of romance. But the absurdities per- 

petrated in the name of science for the education of youth deserve 

only condemnation. There is, for example, a so-called ‘‘ Life of 

Audubon” bearing the imprint of a well-known firm which does not 

pretend to present a connected view of the career of this great nat- 

alist, of whom the authoress (we must use the word) evidently knew 

worse than nothing ; but which contains a series of disconnected dia- 

tribes on natural history subjects which collectively, it is safe to say, 

present no single adequate or intelligible fact in science but at most 

illustrate the dangers of inexpert compilation. 

Now-a-days such books usually have some moral—let us say, 

‘the remarkable resemblance of reason to instinct,” or ‘‘ the clear 

evidence of reason among brutes,” or, to be quite safe, the place of 

the moral is taken by a query, ‘‘ can such remarkable conduct be due 

solely to instinct ?” 

: Through the ceaseless efforts of a score of able scientific writers 

the idea has been finally inculcated that a study of nature is a duty 

incumbent upon every child and consequently such trash commands 

a rather brisk sale at least during the holidays. The average wide- 

awake boy soon detects the futility of this hterature and acquires a 

very condescending attitude toward natural science, particularly zool- 

ogy. Much has been said about comparative psychology of late. 

Unfortunately Romanes is unintelligible to most of the would-be 

readers and C. Lloyd Morgan has no double in actual zoological work 

so our dillitantes are giving us animal psychology whose only merit 

'S in being ‘‘ beastly.” 
i 

1PORTER, J. HAMPDEN. Wild Beasts. A study of the characters and habits 

of the Elephant, Lion, Leopard, Panther, Jaguar, Tiger, Puma, Wolf and 

Grizzly Bear. Chas. Scribner’s.Sons. 1894. 
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The work before us and which has suggested without being re- 

sponsible for these remarks comes in the familiar guise. Fortunately 

it is in this case a disguise; for, without being learned, it is intelligible, 

and its author knows enough not to foist upon us a nondescript psy- 

chology or fairy story of animal intelligence based on human con- 

sciousness and imagination. He writes with a settled purpose not to 

attribute motives to animals on the insecure basis of human analogy 

and we think he succeeds pretty well unless perhaps in those cases 

where long personal contact (as with the puma) has promoted the 

growth of an unconscious anthropomorphic ideal. ! 

The materials are necessarily at second hand for a large part, but 

the selection is wide enough and intelligent enough to enable one to 

“« sift the lie” from much of it. The description of habits is full and 

mostly good. Biological details otherwise are less happy and the 

psychological analysis scanty and not very satisfactory. There is 

sufficient incident to redeem the book from dullness and the illustra- 

tions are chiefly from photographs. Half-tones are not art and we 

have none of the fire of Specht but some elements of truth which 

chill one like the photographs of a race horse. Such illustrations are 

a hybrid between science and art and serve their purpose until a better 

thing—scientific art—shall appear. 

There is much which is eminently quotable in the volume and we 

reproduce some passages which will convince the zoological reader 

that he can well afford to examine the book at length. The compara- 

tive psychologist will find considerable material gathered for his use 

and will understand how to make any necessary allowances. 

Respecting the elephant weSread ‘‘It is no longer said that ele- 

phants who, to use Colonel Barras’ words, ‘are practically sterile in 

captivity,’ are so because of their modesty, or that this is attributable 

to a nobleness of soul which prevents them from propagating a race 

of slaves. Men would now be ashamed to say they are monotheists 

and retire to solitudes to pray. But so little of comparative psychol- 

ogy is known, and the side lights which other sciences thow upon 

zoology are so much disregarded, that no hesitation is felt at compar- 

ing them with human beings, or measuring the faculties and feelings 

of a beast by standards set up in civilized society.” While essentially 

a social animal with family units the author thinks the evidence for 

hermit or rogue elephants is too strong to be disregarded. Moreover 

the animal is subject to insanity, exhibiting in such cases ‘‘ all the fea- 

tures which form the characteristic physiognomy of mania.” Ele- 

? 
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phants are often hysterical and always nervous though discipline effects 

great changes in their ordinary conduct. 

The chapter on the puma is most replete with data on psy- 

chology. 

‘* Professor Prantl (Reformgedanken zur Logik) excogitated a 

metaphysical system for beasts from the standpoint of an assumption 

that the chasm which separated them from humanity is impassible. 

He admits their resemblance in essential nature. He agrees that the 

dissimilaritis which they exhibit are results of a difference in evolu- 

tionary degree, and then his whole argument goes to show that this is 

not the case, and that brute mind and human intellect are radically 

distinct in structure and function. As this analysis of the intelligence 

in mankind and inferior beings was made without reference to facts, it 

is not surprising that they should be traversed by these in all direct- 

ions, and that almost everything which the professor asserts to be im- 

possible, is well known to naturalists in a matter of actual occurence. 

Gato {a tame puma] himself set at naught many of his conclusions. 

He may not have exhibited either love, gratitude, sense of duty, or 

that spirit of self-sacrifice which dogs frequently, and other animals 

sometimes, display, but he certainly possessed the ‘time sense’ that 

Prantl attributes exclusively to man. His account of periods and 

seasons was as accurate as possible ; he measured intervals and knew 

when they came toanend. This animal ‘‘ was prone to contempla- 

tions that, as his eyeand changing attitudes indicated, were not vague, 

apathetic dreams ; no one can know that he did not revive mental 

states and meditate on concentrically initiated ideas.” ‘‘ Books 

amazed Gato. Nothing could be made out with regard to them by 

means of scent or sight; they were dead apparently, and not fit to 

eat. What was in them that never came out? Why should they be 

watched so closely? This question he never found any satisfactory 

answer to, and one might see that it often perplexed him.” ‘‘ Gato 

absolutely refused to learn English, and would only respond to com- 

munications made in the mother tongue.” 

‘¢ Many animals are exceedingly vain, nearly or possibly quite 

as much su as savage man, and vainer they could not be. Now this 

trait is inseparable from a desire for praise. Gato was found of dis- 

play and delighted in being noticed and admired.” 

In the felidz injuries are soon forgotten and nobody 

ever knew a lion or tiger to act in this regard like an elephant. 

** Deep, concentrated persistent feeling is beyoud the Felide. This 

is why Dio Cassius’ story of Androcles and his lion is untrue; quite 
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as much a romance of the affections as Balzac’s ‘Passion du Desert.’” 

But we might go on indefinitely. Enough has been selected to 

indicate the spirit of book which is, as we have shown, a somewhat 

heterogeneous but interesting mixture of the conventional anecdote 

book with psychological analysis. C)/ EAB: 

Helmholtz as a Physiological Psychologist. 

Since the death of Darwin the lass of no one in the scientific 

world has made such an impression as that of Helmholtz. From the 

early beginnings of his career all his researches were directed toward 

high ends, and were crowned with great success. Whenever he 

smote the rock of nature, there gushed forth the living waters of 

knowledge. The two works upon which his fame most largely de- 

pends are within the province of physiological psycholegy. His 

‘« Physiological Optics” began to appear in 1856 and notwithstanding 

the enormous activity of that period, during which the labors of 

Briicke, Fechner, Brewster, Wheatstone, Maxwell and many others 

were in progress, Helmholtz took scarcely any results from others 

without independent verification. Like Reymond and Ludwig, he 

was of the school of Johannes Miiller, but most of his highest achieve- 

ments were due to his proficiency in mathematics and an innate me- 

chanical tact and perception. 

His name is permanently associated with that of Young in the 

theory of color vision which especially at the present time, is proving 

stimulating. Helmholtz is an empiricist rather than a nativist. 

The second great psychophysical work, Lehre von Tonemp- 

findungen, appeared in 1863 and, while many of its views begin to 

feel the effects of subsequent research, it will ever remain ‘a monu- 

ment of scientific progress. The personal bearing and individual life 

are described as modest and genial. 

A Location Reaction Apparatus. 

Professor G. W. Fitz of the Lawrence Scientific School attempt- 

ed to test the power of an individual to quickly and accurately touch 

an object suddenly disclosed to him in an unexpected position. The 

apparatus designed for this purpose is described in the Psychological 

Review, II, 1, and consists in an are within which the subject is con- 

centrically placed. A drop screen is arranged to register the moment 

ISTUMPF, C. Hermann v. Helmholtz and the New Psychology. Zhe Psy- 

chological Review, JOS 

f 
: 

: 



Literary Notices. Vv 

of exposure of the small white target. The pendulum myograph used 

for this purpose also registers the amount of error. No evident rela- 

tion exists between the time employed and the accuracy displayed, 

but the time interval of females is longer while their motions are more 

accurate. It would appear that some such a system of tests might be 

employed in the study of the effects of various crafts. 

The Motor Power of Ideas.! 

The curious observation has been made that if one gazes fixedly 

at a light for twenty seconds or so, and then suddenly turns the head 

through an angle of 45 degrees, he has an after image in the direction 

toward which the head is turned; while on the other hand, if the hight 

is viewed but one second, the after image appears in the direction of 

the actual flame. 

Miinsterberg found that the eyes were unconsciously turned 

toward the direction where the flame was seen before the change in 

the second case while in the former they passively follow the motion 

of the head. ‘The explanation given is as follows: ‘‘When I open 

my eyes and see a flame, this optical impression brings out the motor 

effect of fixing my eyes upon it—an effect which is the essential ele- 

ment in attention. When I turn my head with closed eyes this head 

movement acts as a stimulus to a motor reaction of the eyes. This 

second stimulus is, of course, the same whether I turn my head after 

twenty seconds or after one second. Now if this same stimulus brings 

out two so very different effects, it must be because the stimulus from 

the optical impression is different after twenty seconds and after one 

second. After one second the optical stimulus is stronger than the 

head-stimulus, and the eyes turn therefore toward the flame.” 

The experiments reported were made with a view to determine 

how the motor impulse to fixate the eyes upon an object varies with 

the quality of the impression and with the time of fixation. A black 

frame with an opening to receive the test objects was placed directly 

in front of the subject and 60 cm. distant. At a signal given by the 

kymograph the eyes are opened and fixed on the object. After an 

interval another signal is given at which the eyes are closed and the 

head is turned through 45 degrees as nearly as possible and the eyes 

are opened. Note is then made on a suitably arranged arc of the po- 

sition of the head and the angular divergence of the eyes. It was, 

1MUENSTERBERG and CAMPBELL. Psycholog. Rev. I, 5. 
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of course, necessary that the head movement should be a pure motor 

reflex with no previous visualization. 

With practically the same head deviation the eyes describe an 

arc of g deg. after one second, 22 deg. after two seconds, 30 deg. af- 

ter three seconds, and 39 deg. after four seconds. The longer the 

time the weaker the motor stimulus which tends to turn the closed 

eyes in the direction of the object. The decrease is quickest where 

the impression is simple. A card having nine pictures upon it after 

four seconds has the power to turn the eyes 16 deg. A curious ex- 

ception is found in the addition of figures in which case the eyes turn 

nearly as far as the head. ‘This is explained, however, as not due to 

the inferior motor power of the process but to its being so great as to 

prevent the head-movement from being made as a reflex. The calcu- 

lation was so absorbing that the head motion could only be made by 

interrupting it and giving conscious attention to the effort. The au- 

thors think that the whole question of the psychophysics of attention 

is by this method opened to an untrammelled and profitable investi- 

gation. 
Ge dhs 

The Localization of Sound.! 

The question of auditory localization has always been perplexing 

and the various theories accounting for it are more or less unsatisfac- 

tory. Stumpf suggested that localization depends upon a difference 

of some sort between the sensations of the two ears. Preyer supposes 

that the semi-circular canals discriminate impressions from different 

directions. Others think this discrimination is simply an act of judge- 

ment based on the difference of intensity of sound in the two ears. 

Miinsterberg suggests that the sense of direction depends on a 

combination of sensation of sound and sensations of movement. 

For the reinvestigation of the facts in the case an ingenious series 

of experiments was instituted. A horizontal circular zone and arcs 

of similar curvature which could be adjusted to any position on the 

horizontal arc, were contrived to carry telephones of equal intensity 

and quality. o° means in front of the subject, whose head was sup- 

ported in the centre of the arcs; go°r at the right, 180° behind, etc. 

The answer was always given in degrees by the subject before opening 

the eyes. 
1. When two symmetrcially placed sounds were heard they were 

1MUENSTERBERG and PIERCE. Psych. Rev., I, 5. 
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always located either at 0° or 180°; many individual variations occur. 

2. When sounds are produced on both sides in unsymmetrical 

positions the results are inconstant. For any given point in either of 

the two quadrants on one side of the median plane, a point can be 

found in each of the two quadrants on the opposite side which in com- 

bination with the first will give localization in the median plane at 0° 

or 180°. 

3. For symmetrically placed sounds, one of which varied in in- 

tensity by increasing the radial distance of the sounder, the subjective 

sound passed from 0° or 180° to go°® right or left as the case might be. 

4. When both sounds are on one side in the horizontal plane the 

resultant may be located either before or behind. When the sounds 

are at o° or 180° the resultant may be at o° or 180°, usually at 0°, 

but it is not true that weak sounds are preferably placed behind. 

5. When the attention was fixed on a given point and a single 

sound was produced the latter was subjectively displaced in the direc- 

tion of the point of fixation. 

6. When the muscles of one side are strained by voluntary effort 

the result is a tendency to locate that side farther to the rear. 

7. When one ear has been fatigued by continued functioning no 

influence was discovered in most cases on the localization. 

The authors conclude that these experiments (only part of which 

are noted here) indicate that no conscious relation of the tones to either 

ear exists, that sensations of touch play no part, that there is not a 

judgement of the difference of intensities in the two ears. On the 

other hand, many things show that sensations of movement are to be 

regarded as the psychological basis of the auditory spacial perceptions. 

It seems at first contradictory to deny the comparison of sound inten- 

sities and yet appeal to discriminative motions which must be based 

on such comparison, yet the authors believe that the difference in the 

physiological excitation of the two ears conditions the motor impulses 

with which the head reacts to the sound. These motor impulses 

seem to form a rather superfluous Deus ex machina. In order to de- 

termine whether the semi-circular canals contain the mechanism for 

establishing the postulated reflexes, the whole apparatus was fastened 

to a rotating disc. Sounds were usually displaced in the direction op- 

posite tothe rotation. If the eyes were closed and the sound was 

produced after the rotation ceased the displacement was in the direc- 

tion of the rotation. The displacement in other words, in both cases 

was in the direction of the compensatory impulses to movements of the 

head. 
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The last mentioned experiments certainly add considerable prob- 

ability to the theory that localization of auditory impressions consists 

in the addition to them of sensations of movement. 
roms Brag 2 

The Cortical Centre of the Muscular Sense.! 

Dr. Starr offers a singular case in evidence that the centre of the 

muscular sense is distinct from the centres of movement. It is re- 

garded as settled that any defect in the tract conveying muscular sense 

from the muscles to the brain cortex will produce a disturbance in the 

power of coordination. Hitherto facts have been wanting to deter- 

mine the actual position of this tract in the cortex and the exact loca- 

tion of the muscular sense centres. The following observation illus- 

trates the possibility of producing an entire loss of muscular sense by 

a limited destruction of the brain cortex, without prod ucing at the 

same time any Gisturbance of motor power or tactile sensibility, and 

determines the localization of the muscular sense centre for the hand 

in the parietal region. 

The patient, a young man, suffered with intense headache, to the 

left of, and somewhat behind the vertex, and from epilepsy. A heavy 

fall during his fifth year, injured his head and was followed by uncon- 

sciousness for several hours. Since the accident, while intelligence 

and memory were good, he was easily agitated and subject to emo- 

tional excitement and passion and lacked in power of application. 

At the age of sixteen he had another fall on his head resulting in an 

aggravation of these symptoms. With the accerbations of the head- 

ache a maniacal condition was produced. ‘These attacks occurred at 

frequent intervals during five years. He was trephined at the seat of 

injury and a small vascular tumor about three fourths inch in diameter 

was found upon the surface of the brain. Some exploratory perfora- 

tions were made and the wound made a rapid recovery, but immedi- 

ately after the operation it was found that he had lost the muscular 

sense in the right hand below the elbow, all voluntary guidance of the 

hand being imperfect. The strength of the hand was unimpaired. 

With eyes closed he could not determine the position of the hand, yet 

tactile sense and temperature sense as well as that of pain were nor- 

mal. After three months the muscular sense was fully recovered, it 

was therefore considered that this particular effect was produced by a 

1STarRR, M. A. The Muscular Sense and its Location in the Brain Cortex. 

Psychological Review, Il, 1. 
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small localized injury in the cortex about two inches behind the fis- 

sure of Rolando and about an inch and a half to the left of the me- 

dian line, at about the junction of the superior and inferior parietal 

lobules. 

It seems to the reviewer that the case cited does not fully justify 

us in accepting the conclusion reached by the author in his closing 

paragraph: ‘‘This observation would therefore indicate : first, that the 

muscular sense centres are distinct in their location from tactile or 

pain or temperature sense centres; and also from the motor centres ; 

secondly, that they are situated just behind the motor area in the 

parietal region of the brain.”’? It seems much more probable that the 

injuries incidental to the operation or exploratory perforations im- 

paired the tracts passing from sensory to motor centres. This would 

not destroy the sensation but might interfere with its normal operation 

upon the correlated motor centre. 

Cem Oe 

Sensations of Taste.! 

The electric, metallic and alkaline tastes being reserved for 

special investigations, the present work treats only of those sensa- 

tions recognised as special qualities, viz., sweet, sour, salt and bitter. 

The taste-substances used were: chlornatr., muriatic acid, sacch. alb , 

sacch., quin. sulph., and quin. pur. In all cases in which chemical 

combination of these substances was to be strictly avoided quin. 

sulph. and not quin. pur. was used. ‘The greatest possible chemical 

purity was sought for these substances, which were dissolved in dis- 

tilled water. The application was made parily by means of dropping- 

glass tubes on which a scale graduated by Wz cm. was engraved, 

partly by means of soft pointed hair brushes. Al]! disturbing accom- 

panying sensations, not excepting that of temperature, were excluded. 

The simplest way to accomplish the last was to raise the fluids to be 

applied to the temperature of the mouth, viz. 37° C. Between the sep- 

arate experiments the mouth was rinsed out with pure water of the 

same temperature, 37° C. After having trained the subjects, I first 

examined the cavity of the mouth, with a view to determining what 

parts were receptive of sensations of taste. ‘These experiments were 

performed both on children and on adults. Taking into consideration 

lContributions to the Physiological Psychology of the Sense of Taste, FRIED- 

RICH Kizsow. Author’s abstract of papers in Philosophische Studien, Bd. X, 

Heft 3, pp. 329 ff; Heft 4, pp. 523 ff; quoted from Psychological Review, II, 1. 
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what former investigators have found out the total results of this 

chapter will be given. 

1. Besides the whole surface of the tongue together with its base 

and the under surface of its tip—the hard and soft palate, without 

doubt the arcus glosso-palatinus, the tonsils, the uvula, the isthmus 

faucium, the inside of the epiglottis and the mucous membrane of the 

cheeks participate in the sensation of taste. 

2. All these parts are sensitive in childhood; in adults the mu- 

cous membrane of the cheeks, the middle of the tongue and, witha 

few exceptions, the hard palate lose their sensitiveness. In some 

cases the under surface of the tip of the tongue on both side of the 

frenulum remains receptive also in adults. 

3. The presence of disturbance is accounted for, sometimes by 

an affection of the cavity of the tympanum, sometimes by individual 

differences. 

It must be remarked that the perceptive faculty of the inner 

epiglottis was established by Michelson and Langendorff,! that of the 

mucous membrane of the cheeks in childhood by Urbantschitsch.? 

Concerning the retrogression of certain taste surfaces in adults I must 

refer the reader to my longer article in which an explanation accord- 

ing to the theory of development is offered and literary references 

given. 

In a further investigation I tested the sensitiveness of the different 

perceptive parts of the cavity of the mouth, by taking as measure the 

absolute given for the different qualities of taste, obtaining in this way 

the following general results : 

1. Sensitiveness varies for the different qualities on the different 

parts of the tongue. Sweet is tasted best on the tip of the tongue, 

sour on the edge, and bitter at the base, acid equally on the tip and 

edges, but less at the base. 

2. With regard the the values found in an isolated case for the 

other taste-surfaces, the sensitiveness for sweet and bitter appears in 

the following order: Soft palate, arcus glosso-palatin., uvula, under- 

surface of the tip; for sour, arcus glosso-palat., palat. molle, uvula, 

under-surface of the tip; for salt, palatum molle, under-surface of 

the tip, arcus glosso-pal., uvula. The values are in part considerably 

1Centralblatt fiir Physiol. 1892. P. 204. 

2Urbantschitsch, Beobachtungen tiber Anomalien des Geschmacks, etc., in Forge 

von Erkrankungen der Taukenhihle. 1876.—I1 desire to draw special attention 

to this interesting work. 
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below those noted under 1. Only on the soft palate does salt reach 

the normal given. 

3. <A single investigation showed that in childhood all parts, ex- 

cepting the tip and edges of the tongue, possessed nearly the same 

sensitiveness with regard to sweet. The tip and edges were more 

sensitive. 

4. The explanation of the normal condition, as of individual 

differences is without doubt to be found in the law of adaptation, ex- 

cepting those cases in which pathological causes, obstructions, etc., 

appear. 
Further, attention was directed to the qualitative conditions of 

the sensations of taste. These experiments were only made on adults. 

First, I was enabled to prove that all four above-named qualtities 
are true sensations of taste, also that the sensations of sour and salt 

must not be excluded from the sphere of taste on account of the 

accompanying tactile sensations. On the contrary, my investigations 

led to the conclusion that all our perceptions of taste are accompanied 

by tactile sensations, although in different degrees. Sweet is accom- 

panied on and near the limen by a sensation of smoothness, at higher 

intensity by that of slipperiness, at very great intensity by that of 

scratching and biting. The liminal values of bitter are accompanied 

by a distinct sensation of greasiness. Even the application of dis- 

tilled water produced with some of my subjects a distinct perception of 

taste. Two of them tasted water on the tip of the tongue as sweet, 

on the edges as sour and sourish, at the base bitter. Others tasted 

it as bitter in the whole cavity of the mouth, others only bitter at the 

base and tasteless on the other parts of the tongue. The bitter sensa- 

tion produced by distilled water accompanied the single sensation 

called forth by taste—substances often for a time above the limen, so 

that in this way two sensations arose whichI have designated as 

double-sensations. Even a mechanical stimulus of the base of the 

tongue with a glass rod produced with me and with many of my sub- 

jects a sensation distinctly bitter. 

Great influence in the region of taste must be ascribed to asso- 

ciation and the effects of contrast. The conditions of contrast I in- 

vestigated with?special care ; the total results of which may be given 

concisely as follows: 

1. Contrasting stimuli must be recognized in the sense of taste. 

2. Salt contrasts with sweet, salt with sour, sweet with sour. 

3. Salt and sweet, and salt and sour contrast both on simultane- 

ous stimulation of corresponding parts of the tongue and on succes- 
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sive stimulation of the same taste-surface. The contrasts of sweet and 

sour could only be observed in the latter case. 

4. Bitter forms an exception, but yet perhaps gives rise to con- 

trasts restricted to individuals. 

Studies from the Yale Psychological Laboratory. 

The second volume of these studies was issued in November last. 

The first article by Professor Scripture, On Mean Values for Direct 

Measurements, devotes 40 pages to a technical mathematical discus- 

sion largely concerned with the median as an instrument in psycho- 

logical research. 
The second paper, Researches on the Mental and Physical De- 

velopment of School Children, by J. Allen Gilbert, details the results 

of a series of tests made upon about a hundred children from 6 to 17 

years of age, each child being tested in the following respects: muscle- 

sense, sensitiveness to color-differences, force of suggestion, voluntary 

motor ability, fatigue, weight, height, lung-capacity, reaction-time, 

discrimination time, and time-memory. 

The results of the first test give in grams the threshold for dis- 

crimination to weight for each child. There is a gradual increase in 

ability to discriminate from the ages of 6 to 13, which is tolerably 

uniform except for a temporary abrupt falling off for boys at rr. The 

sensibility is strongly diminished for girls at 13 and for boys at 14, 

after which it slowly increases. The curves of color discrimination 

are far more irregular. 
The force of suggestion was studied along lines similar to those 

followed by Dressler, as published last year in the American Journal 

of Psychology (cf. review in this Journal, Vol. IV, p. cxxxii), though 

with slightly different apparatus and some difference in the results. 

Of blocks equal in weight, but differing in size the smallest were al- 

ways judged the heaviest, the girls making greater errors than the 

boys. Dresslar found this illusion to be stronger in bright children 

than in dull and stronger in adults than in children. On the other 
hand, Gilbert finds the illusion to increase up to nine years, then to 

diminish to puberty, increasing slightly until 15 years old for boys and 

16 years for girls, after which it again diminished to 17 years. 

The voluntary motor ability was estimated by counting the num- 

ber of taps which a child can make in 5 seconds. Boys tap more 

rapidly than girls and both show a diminished rate at puberty. 

The average reaction-time of all ages for bright children was 

20.7 hundredths of a second ; for those of average ability it was 21.3; 

—— 
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for dull children 22.4. The curve for girls is more irregular than 

that for boys and boys were quicker than girls throughout. The same 

is true of the curve of the discrimination-time for red and blue. 

In these and other experiments cited there is usually a very strik- 

ing fluctuation in the curves at the age of 7 and another always at 

puberty. It is also deduced that puberty has a greater effect on the 

mental than on the physical aspects of man’s nature. The develop- 

ment of girls is far more seriously affected by periodic changes than 

that of boys. In all the curves involving a time element there is a 

marked loss in ability from 6 to 7. Between 11 and 12, just before 

puberty, in both curves the bright and dull children act with about the 

same rapidity, though both before and after that age the dull ones are 

much slower than the bright ones. The child is judged dull at 13 be- 

cause he is unable to act as quickly. 

This investigation is one of the most comprehensive and thorough 

thus far published and the author has laid all educators, as well as the 

psychologists, under great obligations. 

. The volume contains several other papers, among which may be 

mentioned one by Professor Scripture entitled, A Psychological Meth- 

od of Determing the Blind-Spot, of especial importance as emphasiz- 

the fact that psychological measurements are not necessarily purely 

physical or physiological. As purely mental facts the phenomena of 

consciousness may be measured by one another with an accuracy rap- 

idly approaching that of physics. 

Cun: 

Functional Distribution of Motor Roots. 

This is an experimental study of dogs, cats and rabbits for the 

precise determination of the functional relations of the motor roots of 

the spinal cord. Tables are given showing the motor reactions after 

stimulation of the several roots and the following conclusions are 

presented : 

1. The innervation of the limbs presents from the very begin- 

ning of the medullary origin an evident systematization. The system- 

atization is functional; that is, the motor fibres that issue from the 

medulla at a given level are distributed to synergic muscular groups, 

and concur there in an associated movement. 

IPOLIMANTI, OSVALDO. Sulla Distribuzione funzionale delle Radici motrici 

nei Muscoli degli Arti. Ricerche sperimentali, Zo Sperimentale, XLVIII, 3, 

1894. 
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2. This associated movement is always complete; that is, it cor- 

responds to the execution of a given function. 

3. Itis for this reason that, by the excitation of a single root, 

there come into play muscles of antagonistic action (e. g. extensor 

and flexor, abductor and adductor), which, however, concur ina 

combined movement, which will result in the execution of an exceed- 

ingly complex act, such as leaping, habitual or voluntary. 

4. The fact is worthy of note that by the excitation of roots 

which correspond and which have an equal or almost equal distribu- 

tion in the different animals, precisely the same results are not ob- 

tained, so far as concerns the function. 

5. These results stand in direct relation with the instincts and 

with the habits of the animal experimented upon. For example, by 

the excitation of the second sacral root are obtained in the dog wag- 

ging movements of the tail, movements which the animal executes 

when it is satisfied or wants to be merry. We may therefore, call it 

the joy-root. Inthe. cat, however, by excitation of the same root is 

obtained that attitude of the tail which the animal assumes in mo- 

ments of anger. Considering now the instincts of the dog and the 

cat we explain the difference, and thus other examples might be 

cited. 
6. Nor dothe differences concern only diversity of function, 

but always intensity too, in our opinion in proportion to the instincts 

and habits of different animals. Thus, for example, the roots which 

upon excitation give that complex of muscular actions necessary for 

leaping (II? lumbar in the dog and I1V* lumbar in the cat) are capa- 

ble of developing, even if excited with a current of equal force, a 

reaction of very different intensity ; most intense in the cat (an animal 

especially given to leaping),much less so in the dog. 

7. From this one might be led to think that by hereditary ten- 

dency and by the habits or exercise of the muscle there may become 

established functional conditions such as would have for their object 

to facilitate and render more efficacious the influence of the higher 

centres ; that moreover here is explained how not only certain instinct- 

ive acts, but also some others which would appear to us of a psychic 

order may be developed even independently of cerebral influence. 

8. The functional distribution of the motor roots has great im- 

portance from the physiological and clinical point of view. In_nor- 

mal cases this explains to us how the action of the centres is manifested 

in a manner so rapid and well regulated ; in pathological cases this ex- 

plains to us how there is possible in some cases the paralysis or the 
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paresis of a function without having the paralysis of a well defined 

muscular group. 

The author promises to extend these studies to other animals also, 

especially to the monkeys. 
G. F. MC KIBBEN. 

New Studies on the Pons Varolii.’ 

The methods of Golgi and Weigert applied to the dog, the cat, 

the Guinea pig, the mouse and the white rat led to the following con- 

clusion about the pons. 

1. The pons is the place of origin for the greater part of the 

fibres constituting the middle cerebellar peduncles ; these fibres pene- 

trate the white substance of the cerebellum and then go into the cor- 

tex of the cerebellar lamellae, where they consitute perhaps the as- 

cending fibres. 

2.. The medulla is also formed by axis cylinders from the cells 

of Purkinje, which after having crossed the median line and taking a 

more or less vertical course, direct some longitudinal fibres into the 

reticular substance of the opposite side. 

3. These facts, together with the existence of collaterals in the 

medulla from the pyramidal tract, throw some light upon the influence 

of the cerebrum upon the cerebellum. Suppose, for example, that 

the cerebrum sends along the pyramidal tract a voluntary motor im- 

pulse to the muscles. This impulse, having reached the level of the 

medulla, will pass in part through the pyramidal collaterals and the 

fibres of bulbar origin up to the cerebellum. ‘There it will excite the 

cells of Purkinje and those subordinate to them to add to the motor 

impulse a coordinating nervous current which will reach the motor 

niduli of the medulla and cord, perhaps by way of the second kind 

of bulbar fibres, perhaps by the corpus restiforme, or perhaps by the 

descending cerebellar fibres of Marchi of the antero-lateral columns. 

From this it results that the cerebellum receives information of every 

voluntary motor impulse and its cooperation is necessary for the pre- 

cise execution and coordination of movements. 

4. The pyramidal tract is in connection by means of its collat- 

erals with different grey centres of the encephalon and cord. For 

example, with the cells of the striata through the collaterals of the 

small fibres of the internal capsule ; with the substantia nigra of Soem- 

mering through other collaterals from the superior part of the pedun- 

cles, with the cells of the pons and consequenrly with the cortex of 

ICAJAL, S. R. Le Pont de Varole. Szbliogr. Anat., II, 6 Dec., 1894. 
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the cerebellum through the bulbar collaterals, and, finally, with all the 

motor niduli of the medulla and spinal cord. 

The Histology of the Infundibular Region. 

Dr. Berkley has collected his previous papers on this subject and 

presented them, together with some new matter, in a richly illustrated 

monograph appearing in the Winter number of ram for 1894. One 

of the most interesting results of these studies is the light thrown up- 

on the structure and relations of the neurolglia cells in adult brains. 

Earlier writers have supposed that the embryonic supporting substance 

of the brain and spinal cord—the ependymal neuroglia—almost en- 

tirely atrophies and disappears in the adult mammal. Dr. Berkley 

finds, however, several varieties of ependymal neuroglia cells extend- 

ing from all portions of the middle and inferior regions of the cavity 

of the third ventricle, and reaching to the periphery, all portions, 

bodies, branches, tentacles, being readily distinguishable. Such 

structures are not, then, confined to embryonic brains or adult rep- 

tiles, amphibians and fishes, and their importance as constituents of 

the so-called gelatinous tracts becomes more and more evident. 

Accessory Parietal Eyes in Anguis fragilis.' 

This isa preliminary notice of the results of an investigation 

carried on under the auspicies of the Elizabeth Thompson foundation. 

The most interesting results are those concerned with the variability 

of the organ. 

1. The number of cases of accessory parietal eyes is only a little 

less in embryos of the blind worm than the cases of the absence of 

these structures. The presence of an accessory parietal eye is then 

an extremely frequent anomaly with the embryos. 

2. Exceptionally there is found in the same individual two and 

even three accessory eyes. 

3. These eyes are generally out of the medial plane of the head. 

According to their situation with reference to adjacent organs we may 

distinguish ; Interparieto-epiphysial eyes, situated between the epi- 

physis and the principal eye, the most frequent; epiphysial eyes, 

joined to or incorporated with the epiphysis; intraparietal eyes, in- 

cluded within the principal parietal eye; choroid eyes, next to the 

IPRENANT, A. Les yeux pariétaux accessoires d’Anguis fragilis sous le 

rapport de leur situation, de leur nombre et de leur fréquence. Azbliogr. Anat., 

II, 6, Dec., 1894. 
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plexus choroideus, exceptional. The exact figures upon which the 

conclusions as to variability are based are given in the subjoined 

table. 

sotalanumiberiofjembryosexaminedes 2 te ee eee ee 47 

oC ee ep CASeSOmcent almwalbseM Ce me tae sera ue eats aa Ue Be DR YO 
ee ce 6c“ “ce ee presence pn ire Nia teen eal te ah ee ote Ue ya se 20 

«6 Ks “¢ doubtful cases (added to the positive cases in the rest of__ 

Eases trek ae) ea SO Se Ee Oe As Ee a 2 ES Se ara nn 2 

Total number of accessory eyes observed (including the doubtful cases and 

two cases of double eyes and two cases of triple eyes)---------=------ 28 

interpanieto-epiphysialicyessss on aes Se ee re eee ee eee 16 

By pip lystallimeviese eet Se ae is ees ee ee he See 7 

Mmalticnpanietalmeyeseasoste oe aun eS Slee ee oe ee SNe Se ee 4 

(OTOL CMe yc eee rey ee a me ase gist he Se ee Ges CR ee ee rere I 

Any criticisms of the morphological value of these eyes should be 

reserved until the author’s final paper appears. But whatever this 

significance may be, this extreme variability certainly has its signifi- 

cance. This is another and a very interesting case illustrating the ex- 

treme variability so often found in organs which are either degenerate 

or which for any other reason may be undergoing retardation or accel- 

eration in the phylogenetic development. 

rou Reh 

The Antennary Auditory Organ of Insects ! 

The first account of the auditory organ of the mosquito seems to 

be that of Johnston, who in 1855 described a pair of pyriform cap- 

sules between the eyes from which spring the antennz. ‘‘ The space 

between the inner and outer walls of the capsule, which we may con- 

fidently term the auditory capsule, is filled witha fluid of moderate 

consistency, opalescent, and containing minute spherical corpuscles, 

and which probably bears the same relation to the nerve as does the 

lymph in the scale of the cochlea of higher animals. The nerve 

itself of the antenna proceeds from the first or cerebral ganglion, ad- 

vances toward the pedicle of the capsule in company with the large 

trachea which sends its ramifications throughout the entire apparatus, 

and, penetrtaing the pedicle, its filaments divide into two portions.” 

Johnston sought to show that the long hairs of the antennz are grad- 

uated to respond to sonant vibrations of different lengths. Mayer 

studied the organ in living insects and ‘observed the vibration of cer- 

ICHILD, C. M. Ein bisher wenig beachtetes antennales Sinnesorgan der 

Insecten. Zettsch. Wiss. Zool., LVIII, 3. 
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tain hairs in consonance with given tones. The author of the pres- 

ent paper gives a detailed account of the structure and development 

but adds nothing of importance upon the functions. He accepts the 

evidence for the auditory nature of the apparatus but concludes that 

it was originally adapted simply for tactile sensation and may still re- 

tain, in part at least, the original function. 

We reproduce part of the authors’ summary. ‘‘In most orders 

of insects there is in the second joint of the antenne a highly devel- 

oped sensory organ. ‘This organ consists essentially of ganglion cells, 

which are produced into long rod-like processes or are connected by 

threads with rods. The rods terminate either in pores of the skin of 

the joint between the second and third segments or in chitinous pro- 

cesses of the peripheral margin. In many of the culicidz and chir- 

ononide the organ is greatly developed, while in the female the struc- 

ture is simpler and more nearly approaches the type. This greater 

development in the male indicates a relation to the sexual life. The 

proton of Johnston’s organ in the larva of cuculidz and chirononidee 

first appears as a ring-like fold of the hypodermal invaginated anten- 

nary tube near the base of the head. Out of this fold are formed the 

ganglion cells and rods, the latter by the fusion of cells.” 

Chili 
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RECENT LITERATURE. 

The Cerebral Commissures. 

The homologies of the commissural systems of the cerebrum are 

confessedly perplexing, and we must welcome any attempt to remove 

the existing obscurity. The chief occasion of ambiguity seems to be 

the question of definition. It is especially the callosum which lacks 

determinateness. 

In the higher mammals there is, of course, no difficulty in recog- 

nizing that body, but the moment one searches for the familiar band 

in marsupials or non-mammals the difficulty is apparent. Recent 

comparative studies have thrown into greater prominence the hippo- 

campal commissure and emphasized the close relation between it and 

the callosum. 

Those who have recently contended for the existence of a callo- 

sum in lower groups, among whom the writer is numbered, have done 

so on the understanding that a mantle commissure cephalad of, and 

in the same horizontal plane as the hippocampal commissure must be 

the homologue of the callosum. It is, of course, recognized by all 

that the greater relative extent of the osmatic centres in the lower 

animals renders mistake easy in locating homologous areas. 

Dr. A. Meyer has attempted to limit the entension of the word 

callosum. Meyer would reserve the name callosum ‘‘ for the ana- 

tomically well delimited commissural system of that region which 

gives origin to the genuine corona radiata, the fibres of the internal 

capsule.” With this understanding the marsupials and, of course, all 

lower vertebrates have no callosum. 

Naturally Osborn has to bear the brunt of the criticism, for he has 

expressly said that the callosum is composed of a cephalic or frontal 

portion which supplies the dorso-median part of the mantle and the 

commissure of the Ammon’s horn. Meyer lays great stress on the 

absence of the inner capsule. Edinger indeed applies this name to 

certain fibres passing through the median wall to the brain base. The 

1Zur Homologie der Fornixcommissur und des Septum lucidum bei den 

Reptilien und Saeugern. Anat. Anzeiger, X, 15. 
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true coronal fibres, however, pass through the lateral walls and the fibres 

mentioned by Edinger are, according to Meyer, really fornix fibres. 

To this it may be said that Edinger has recognized the fornix tract 

and that the changes in the form of tbe ventricle in the various groups 

are so great that it must be relied on with caution in morphological 

determinations. It is a little strange that Meyer is apparently igno- 

rant of the fact that the writer has given detailed descriptions of the 

hippocampal commissure in a wide range of non-mammals and traced 

the descending fibres of the fornix in reptiles and even fishes several 

years ago. We do not see that because the peduncular fibres have 

not, differentiated in the lower forms as they have in the higher mam- 

mals it follows that there can be no homologue of the callosum. This 

is but another illustration of the effects of too close reliance on an- 

thropotomy, and reminds one of the remark once made to the writer 

by arising neurologist who said with an air of conviction, ‘‘ But for 

me, don’t you know, the callosum must describe an arc—must bea 

beam connecting something.” ihe allusion was of course to the root 

meaning of ‘‘trabs” or ‘‘Balkan.’ 

On the other hand the facts seem to us to fully justilie the second 

point made in the paper before us, i.e., that the septum is not an 

atrophied cortical region but a part of the ganglionic base. This is 

made more probable by the fact that this region, which, to avoid pre- 

judice we have called intraventricular dobe, in the reptilian and am- 

phibian brain, has a structure quite unlike that of true cortex. 

In a recent paper, G. Elliot Smith has discussed the same prob- 

lem from a somewhat different stand-point. ! 

We are left in the dark as to the criteria relied on by Smith to 

distinguish the callosum, though he says that ‘‘it seems possible that 

the corpus callosum appears in response to the demand for a shorter 

connecting route between the rapidly developing dorsal portions of the 

cortex cerebri.” The intraventricular lobe or septum of reptiles the 

author terms the precommissural area, objecting to the term septum 

that the latter in higher mammals is merely the thickened lamina teri- 
nalis. ‘This area is a part of the rhinencephalon and accordingly the 

commissural fibres passing through it cannot be callosal. 

Part of the anterior commissure is said to be the homologue of 

the callosum, for it is characteristic of the objectors to the evident 

homologies to strain at the gnat but swallow the camel. Still we have 

1Preliminary Communication upon the Cerebral Commissures of the Mam- 

malia. Proceed. Lin. Soc. N. S. Wales, Oct., 1894. 
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no reason to complain, for the hippocampal commissure itself is 

‘* merely a part of the anterior commissure, which has been separated 

oft earlier in the phylogeny.” In the placental mammal the anterior 

part of the hippocampns is represented by the gyrus supracallosus 

with the indusium. We are glad to note that especial emphasis is laid 

on the fact that the fasia dentata is essentially supracallosal. We wish 

to deprecate the writer’s tendency to confuse superficial structures 

(gyres) with internal elements (tracts) which, even when they become 

substantially coextensive, stand in the relation of form and substance. 

The same writer has recently contributed a paper to the Anatom- 

ischer Anzeiger! un the connection between the olfactory bulb and 

the hippocampus in which he combats the idea that the external radix 

of the olfactory reaches the hippocampus, as was stated by Edinger. 

‘‘The fibres of the external olfactory tract arise as axis cylinder pro- 

cesses of the ‘mitral cells’ of the olfactory and terminate by means of 

collaterals and end branchings in relation with the protoplasmic 

processes of the cells of the pyriform lobe and olfactory tract.” The 

evidence is apparently conclusive that part of these fibres do so end ; 

indeed it has been recognized by the writer. In the fishes the tract 

enters the homologue of the pyriform; the question being whether 

some of the fibres do not continue into the hippocampus, as they cer- 

tainly seem to do in the lower forms. In Ornithorhynchus the intraven- 

tricular lobe, or precommissural area, together with the lamina and the 

quadrilateral area, form an intermediary station between the olfactory 

lobe and the hippocampus. The axis cylinder processes of some of 

these cells pass dorsad and may extend in the alveus to the extremity 

of the hippocampus. Others enter the fimbria and still others cross 

in the hippocampal commissure. Above these fibres, in the intra- 

ventricular lobe is a compact bundle of fibres which enter the fasia 

dentata and fimbria. In placental mammals it is probable that this 

olfactory bundle of the fasia dentata runs in the striz Lancisil. 

CLA 

The Brain of Desmognathus.’ 

Though the morphological importance of the amphibian brain has 

long been recognized by reason of the critical taxonomic position 

occupied by the group, yet, aside from matters of external form, most 

1 Anat. Anz., X, 15. 

?FIsH, PIERRE A. The Central Nervous System of Desmognathus fusca. 

Jour. Morph., X, 1, 1895. 
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of the careful descriptive work done in this field has been surprisingly 

barren of morphological fruit. This is no doubt largely due to the 

fact suggested by Professor Fish that the older methods are ill adapted 

to differentiate the histological elements of these primitive brains. It 
is a matter of familiar observation that methods well adapted to bring 

out the details of a mammalian, reptilian or fish brain may leave the 

amphibian tissue apparently a structureless mass of white and grey 

matter. It is gratifying, therefore, to observe that this field is now 

being assiduously cultivated by the aid of newer methods which promise 

better things for the future. 

That the amphibian brain is the most primitive or generalized 

type among the Craniota has been maintained by several of our ablest 

neurologists on the basis of general form and topography. That the 

same would prove true of the histological structure has long been 

suspected but the lack of acurate knowledge of the details of cellular 

structure and fibrous distribution has prevented safe generalization. 

This of course applies to the Urodela more especially, rather than to 

the Anura, where considerable diversity of structure has already been 

demonstrated. Professor Fish’s careful description of the cellular and 

fibrous elements of Desmognathus as demontrated by the methods of 

Golgi and Weigert will be a valuable aid in all future morphological 

work. He considers the unipolar cells lying next to the endyma to 

be the primitive type of neuroblastic element and that the processes 

are exclusively cellifugal. One fibre of finer caliber than the others 

of the dendridic mass separates from the latter as the neurite or axis- 

cylinder process. Farther towards the periphery, this neurite arises 

from the very base of the dendridic process or from the cell body, 

while the most peripheral cells are distinctly bipolar, the neurite and 

the dendrite being at opposite ends. It is conceivable, we may add, 

that this arrangement is correlated with the diffuse distribution of the 

cellular elements and the relatively feeble development of the longi- 

tudinal fibre systems, the functions of the latter being perhaps largely 

carried on by the diffuse dendridic reticulum constituting the greater 

part of the white matter. In order that cellipetal impulses may pass 

from the white matter to the cells lying next the endyma the dendrites 

of the latter must be directed peripherally through the outer layers of 

nerve cells. As the cellifugal neurite must pass in the same direc- 

tion, it is quite natural they should pass out together for part of their 

course, forming a neurodendrite. Although Professor Fish decides 

against this view, I see no reason why we may not assume that the 

dendrites are cellipetal here, as in other cases. When, however, such 
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cells migrate toward the periphery the natural polarity asserts itself 

and the cells become elongated tangentially to the brain surface and 

typically bipolar or else stomach-shaped, the cellipetal fibres and the 

cellifugal fibres joining the cells at right angles to each other. 

The fibre tracts are partly myelinic and partly amyelinic, the 

latter being confined to the prosencephalon and the most of the dien- 

cephalon, and represented by the precommissure, callosum, supracom- 

missure, Meynert’s bundle and a portion of the peduncular tracts. 

We quote the first paragraph of the authors summary. ‘‘ The 

preservation of so many embryological features both in the morphol- 

ogy and histology of the neuraxis of the Desmognathus is quite re- 

markable. Throughout the whole length of the tube there may be 

recognized the homology of the three layers as described by His. In 

the early embryo the ental layer is composed of epithelium, or en- 

dyma; the middle or mantle layer consists of the cinerea, and the 

ectal layer of alba. The nerve cells appear to be scarcely more than 

fairly well developed neuroblasts. The regeneration of lost parts in 

the Urodeles is well known, and this phenomenon may be more or 

less dependent upon the embryonic condition of the elements of the 

neuraxis and their power of rapid growth utilized in this direction.” 

This goes far to substantiate the view previously expressed in the col- 

umns of this Journal that the Urodela are permanent larve so far as 

the essential points of cerebral structure are concerned. While this 

makes it necessary to use some caution in deducing phylogenetic con- 

siderations, it by no means minimizes their importance to phylogeny. 

The other features in Professor Fish’s paper we cannot dwell 

upon, but commend the whole as a welcome contribution to a difficult 

subject. or Fa: 

The Paraphysis.! 

In a brief paper Studnicka reviews the current morphological 

teachings about the paraphysis and endeavors to show that in Petro- 

myzon the anterior parietal organ has nothing to do with the paraphysis. 

The anterior parietal and the pineal may be regarded as serially ho- 

mologous sensory organs, but the paraphysis has no such function, 

nor is there evidence that it has ever had such. The author reiterates 

the belief that the anterior organ is homologous with the parietal eye 

of saurians. The paraphysis in Petromyzon lies well forward of the 

ISTUDNICKA, F. K. Zur Anatomie der sog. Paraphyse des Wirbelthier- 

gehirns, Sttzb. k. bihm. Ges. der Wissenschaften, Prag, 1895. 



XxXxii JouRNAL oF COMPARATIVE NEUROLOGY. 

anterior parietal organ and in teleosts of the z77belpolster and in both 

cases is strictly membranous like the other parts of the tela choroidea. 
C: hare 

The Formation of the Central Canal of the Nervous System of Televsts. ! 

Evidence is submitted to show that the central nervous system 

in teleosts, unlike that of that of the other vertebrates, originates as 

a solid cord instead of atube. There is then a rapid multiplication 

of cells with karyokinesis in the middle of the cord, asa result of 

which large intercellular spaces are formed which ultimately fuse to 

form the central canal. 

Changes in Nerve Cells During Functional Activity.’ 

An investigation along lines suggested by Hodge and Vas upon 

the superior cervical sympathetic ganglia of the rabbit, motor areas 

of the cerebrum of the dog, the lumbar region of the spinal cord of 

the dog, also the retina and visual centres of the dog. ‘The conclu- 

sions are: 
1. That during rest several chromatic materials are stored up in 

the nerve cell and that these materials are used used up by it during 

the performance of its function. 
2. That activity is accompanied by an increase in size of the cells, 

the neuclei and the nucleoli of the sympathetic, ordinary motor and 

sensory ganglion cells. 

3. That fatigue of the nerve cell is accompanied by shrivelling 

of the nucleus and probably also of the cell and by the formation of 

a diffuse chromatic material in the nucleus. 

Details of the technique are given in the paper. 

The Pathology of Insanity.’ 

This comprehensive paper is one of the best illustrations of the 

application of the method of comparative anatomy to pathology which 

has thus far appeared. An exhaustive resume of the newest and best 

1RoupDNEW, W. Note sur la formation du canal dans le systéme nerveux 

central des téléostéens. 76/. Anat., III, 1, Feb. 1895. 

2Mann, GusTAv. Histological Changes induced in Sympathetic, Motor 

and Sensory Nerve Cells by Functional Activity. Preliminary Note. 1 pl. 

Jour. Anat. and Phys., XX1X, N.S. IX, 1, Oct. 1894. 

3 ANDRIEZEN, W. LLoyp. On Some of the newer Aspects of the Pathology 

of Insanity. razz, LXVIII, Winter, 1894, pp. 548-693. 
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that recent methods has taught us of the cellular structure of the ner- 

vous system of man and other vertebrates serves as a basis for con- 

clusions as to the pathology of the various insanities. While lack of 

space forbids an adequate abstract of these conclusions, we call atten- 

tion to the paper as one which neither the morphologist, the psychol- 

ogist, nor the pathologist can afford to ignore. 
Cs jist: 

Psychological Bibliographies. 

The question of a general scientific bibliography is now receiving 

more attention gerhaps than ever before, and apparently with greater 

promise of a practical result before the close of the century. But in 

the mean time the separate disciplines are endeavoring in a more or 

less desultory way to extricate themselves from the accumulated pro- 

ducts of their own activity by means of bibliographies, book-lists and 

indexes. Within the departments of Psychology and Neurology the 

number of such publications has been increased during the past year 

by the addition of two annuals, ‘‘The Psychological Index’ issued by 

the Psychological Review, and ‘‘L’Année Psychologique” from the 

Sorbonne laboratory by Beaunis and Binet (Paris, F. Alcan). 

The Psychological Index is compiled by Howard C. Warren and 

Livingston Farrand and contains 1312 titles. It is, for American stu- 

dents at least, doubtless the most useful list published. The sections 

devoted to neurological topics are far from complete. This, perhaps 

was to have been expected, though just what was the principle of 

selection is hard to discover. The other sections are very complete 

and fairly well arranged. An index of authors concludes the 

volume. 

L’ Année Psychologique is a bulky volume of 600 pages contain- 

ing, besides the bibliography proper (1217 titles), other matters of 

general psychological interest. The first 250 pages are devoted to 

original papers, mostly from the Paris laboratory, concluding with an 

elaborate descriptive article on the psychological laboratories of Amer- 

ica. The 280 pages of the second part are devoted to reviews and 

abstracts of the more important papers of the year. Illustrations are 

freely employed and the abstracts are sufficiently full to be of great 

value. A brief necrology is added. ‘The bibliographical list com- 

prising the third part is otherwise so valuable that it seems the more 

unfortunate to find that the titles are all translated into French. If 

this is necessary for the benefit of some of the French readers, the 

original titles should certainly be given also. Thus the value of the 
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work would be greatly enhanced to the French constituency, as well 

as to others, and we shall hope to see this change made in the subse- 

quent issues of this annual. 
C.J H. 

Mental Development of the Child. 

No one can seriously doubt that the golden age of children is 

approaching, for a thousand tokens bear unmistakable witness that the 

king is coming to his own and that the father of the man is soon to 

to take that proverbial preeminence he has long held only in the- 

ory. Begin where you will it is the same; formerly the prospective 

mother was enveloped during that mystic period by an impenetrable 

mist of muslin which was symbolic of an esoteric cult with its pecu- 

liar language and worshipers. Now all this changed and the mother 

elect is found deep in Darwin, Preyer, Egger, Max Miiller and 

Frébel. Now, instead of ‘‘flounces,” it will be ‘‘sensorimotor asso- 

ciation” that is wafted to your ears as you are bundled over the 

threshold. 

When the helpless ‘‘subject” appears, the mother is distracted 

between her duties as correspondent of the new society for scientific 

child study and the claims of twenty different antiseptic nursing 

botiles. 

Unhappy the child whose first random incoherencies have no ad- 

equate record in some one of the many ‘‘life records!” Even if the 

latter are not made as obligatory as a certificate of vaccination by the 

‘‘Boards” of the future, certainly lack of such a credential will be 

taken as conclusive evidence that the child was not ‘‘well born.” 

In all seriousness and in spite of its frequent crudeness, the at- 

temps at a systematic study of the early psychical manifestions of the 

child are among the most encouraging indications, not only in psy- 

chology but also and especially in pedagogy. It is true, as the author 

of the book immediately before us says, that ‘‘only the physiologist 

can observe the child, and he must be so saturated with the informa- 

tion and his theories that the conduct of the child becomes instinct 

with meaning for his theories of mind and body.” We may hope, 

however, that the combination ‘‘mother and physiologist” may not 

prove altogether chimerical and, even where this ideal is not reached, 

we may still believe, also with the author, ‘‘that all faithful recording 

is of importance.” 

1 Mental Development in the Child and the Race. Methods and Processes. 

By James Mark Baldwin, Macmillan and Co. 1895. 
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Professor Baldwin’s book, as it stands, might be properly called 

‘*« Essays toward a Genetic Psychology.” A System of Psychology it 

is not, chiefly because of the way the subject grew upon its author’s 

hands as related in his preface. Those will be disappointed who are 

led by the title to expect something complete in the way of directions 

for child study or results of such study; what they may find, if capa- 

ble of appropriating the materials, is a means of self-preparation for 

elaborating an original system based on evolutionary principles. The 

horizon broadens as one proceeds and though the psychologist may 

find comparatively little that is new and may groan somewhat at the 

‘*rachet-motion ” by which he is compelled to progress, he can hardly 

fail to be impressed with the fact that a genetic or evolutionary psy- 

chology is coming which does not find it necessary to rule out the 

psychical in its adhesion to the biological. To our mind the great 

value of the book lies in the emphatic teaching that the conscious ele- 

ments, pleasure and pain, are primitive and by no means identical— 

that there is, in other words, a central initiative so that the organism 

is never a passive object reacting under external stimuli. 

We fully sympathize with the author’s remark, ‘‘ That most 

vicious and Philistine attempt in some quarters to put science in the 

straight-jacket of barren observation, to draw the life-blood of all sci- 

ence—speculative advance into the secrets of things—this ultra-posi- 

tivistic cry has come here as everywhere else, and put a ban upon 

theory. On the contrary, give us theories, theories, always theories. 

In the matter of experimenting with children, therefore, 

our theories must guide our work.” Again, against the cautious de- 

precation of child experimentation, Professor Baldwin aptly replies : 

‘¢ Experiment? Every time we send a child out of the home to 

the school we subject him to experimentation of the most serious and 

alarming kind. He goes into the hands of a teacher who is not only 

not wise unto the child’s salvation, but who is, on the contrary, a ma- 

chine for administering a single experiment to an infinite variety of 

children. It is perfectly certain that two in every three children are 

irretrievably damaged or hindered in their mental and moral develop- 

ment in the school.” 
So far as appears, however, the author’s chief contribution to the 

experimental department so ably championed consists in the further 

elaboration of a so-called ‘‘dynamogenic method,” that is, a meth- 

od whose resuits shall be in terms of the most fundamental motor re- 

actions of the infant. The hand movements are, of course, the most 

satisfactory. ‘‘The facts that the most motile organs have acutest 
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sensibility, notably the fingers; that certain marked types of action, 

such as imitation, arise first in connection with the hand; that the 

central organic preparation for volition is secured first in the arrange- 

ments for hand movements; all these facts indicate that the hand 

movements are the best index of general and special sensibility in the 

infant.”’ Irrespective of any theory of the origin of volition, the au- 

thor holds that for a long period the sensations which are stimuli to 

movement become “‘ effort stimuli” —the thing is a thing of sensation- 

al dynamogeny or suggestion. 

Incidentally, in stating a formula for the dynamic influence of 

stimuli, we are cautioned very truly that most appeals to mathematics 

are an artificial show of exactness—a proposition for which readers of 

modern German psychology may well be grateful. 

The theory of dynamogeny is illustrated in the fields of colour 

vision and the origin of writing, after which the author proceeds at 
once to the development of his genetic theory. For this purpose it is 

of fundamental importance to define suggestion, which is for him 

‘¢the removal of inhibitions to movement by a certain condition of 

consciousness.” 
The following definitions will indicate the position taken : 

1. Physiological suggestion is the tendency of a reflex or sec- 

ondary automatic process to get itself associated with and influenced 

by stimulating processes of a physiological and vaguely sensory sort. 

2.  Sensorimotor and ideo motor suggestion is the tendency of all 

nervous reactions to adapt themselves to new stimulations, both sen- 

sory and ideal, in such a way as to be more ready for the See or 

continuance of these stimulations. 

3. Deliberative suggestion is the tendency of different competing 

sensory processes to merge in a single conscious state with a single 

motor reaction, illustrating the principle of nervous summation and 

arrests. 

4. Imitative suggestion is the tendency of a sensory or ideal pro- 

cess to maintain itself by such an adaptation of its discharges that 

they reinstate in turn new stimulations of the same kind. 

Habit and accommodation thus become the two important facts 

of the nascent psychical life, one providing for the repetition of what 

is worth repeating the other for the adaptation of the organism to new 

conditions. The fundamental question is then, ‘‘ where and how 

does the remarkable power of selection arise.” Granting the law of 

dynamogenesis, the author answers: ‘‘ the life-history of organisms in- 

volves from the start the presence of the organic analogue of the he- 
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donic consciousness,” in other words there is the element of feeling 

to be recognized from the first. 

In passing, we may note the definition of emotion growing out 

of the discussion. ‘‘ Pleasure and pain of accommodation, plus 

pleasure and pain of habit, plus a certain lot of qualities contributed 

to consciousness by more or less habitual processes of muscle, organ, 

and gland, going on at the time.” 

We cannot follow the discussion into details which the reader fa- 

miliar with the previous works of the author may anticipate in a 

measure. It is sufficient to repeat that the perusal of the book will 

prove suggestive to all careful readers. 

ola Oy £0 

Psychology of Childhood.! 

The demand for an adequate theory of psychogenesis has been 

so long-standing and so urgent that we wonder not so much at the 

present zeal with which observations and experiments are being pushed 

along this line as at the fact that this development has been so long 

retarded. Since comparative psychology and child-psychology now 

have the field and promise to hold it for some time to come, the ap- 

pearance of several excellent manuals designed to guide subsequent 

students is a real advantage not only to these students themselves but 

to their science. In the department of child-psychology Mr. Tracy’s 

work will spare the beginner much of the tedious bibliographical 

drudgery and should at the same time so equip him as to produce re- 

sults more coherent in themselves and more easily assimilable into the 

body of the science than much which has preceded. He has pre- 

sented us in 170 pages with a fairly complete account of the best ob- 

servations thus far made on zzfant psychology, without. however, ex- 

tending it to children of school age. The work is, as suggested in 

the introduction, more than a compilation. The matter is well di- 

gested and is unified by a sound psychological principle. The author’s 

psychology is conservative and no new or startling theories are ad- 

vanced. In fact the chief value of the book lies in this absence of all 

‘special pleading.’ 

In discussing memory on page 68 the question is asked, Which of 

the senses furnishes the most vivid and lasting memory-images? The 

muscular sense is regarded as of paramount importance here. Noth- 

1TRACY, FREDERICK. The Psychology of Childhood. 2d Ed. Joston, D, 

C. Heath and Co., 1894. 
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ing is said in this connection of the role of emotion. In my own ex- 

perience this seems to be the dominant factor, as regards the lasting 

qualities, at least; for my earliest memories all lead back to moments 

of strong feeling. 

The sections on Conception and Reasoning would have been 

clarified, it seems to me, by applying to the child the distinction be- 

tween perceptual and conceptual processes, or ‘intelligence’ and ‘rea- 

son,’ as used by Professor Morgan in his Animal Life and Intel- 

ligence. 

The chapter on Language is probably the most valuable in the 

book and should prove of interest to the philologists. 

Finally, it should be added that the style is easy and free from 

technicalities so that any intelligent person may avail himself of the 

facts presented without special psychological training. 

Ci Geuaie 

Intellectual States in Melancholia. 

This is a study of the associations of ideas in melancholia. Of 

the four types of the disease—melancholia with consciousness, depres- 

sive melancholia, anxious melancholia, and melancholia with stupor— 

the first two only were studied. 

Cases of melancholia are in general tracable to two causes, —first 

and most frequently toa general (but unknown) somatic condition 

which manifests itself as an affective state in consciousness and about 

which the ideas are associated in a secondary way, and second and 

less often to a fixed idea, or obsession, which occasions the affective 

state, about which in turn the other intellectual states are secondarily 

associated. 

Both in melancholia and in abulia these associated ideas obey al- 

ways one law, the daw of synthesis. The patient being unable to give 

a valid account for his depression, which is nevertheless a fact of real 

experience, finds himself under the necessity of inventing reasons 

for it. It is this which shapes the whole mental life of the patient. 

Looking for the cause of melancholia to profound and wide- 

spread organic changes, we find here an explanation for the general 

psychic relaxation so characteristic of melancholia. The increase of 

the inhibitory phenomena and the resultant abulia may be traced to 

the same cause. ‘The invasion of consciousness affects all of the men- 

1DumMAS, GEORGES. Les états intellectuels dans la mélancolie. Parés, Felix 

Alcan, 1895. 
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tal faculties, but not to the same extent. The synthetic activities 

are weakened with the others but not so much, so that the law of syn- 

thesis referred to above fills the whole field of consciousness and dom- 
inates all else. 

Accepting the Lange-James theory of the somatic origin of emo- 

tion as probably true, the author erects upon it a theory for the etiology 

of melancholia. Cases belonging to the first category (of somatic 

origin) are the expression of a cachexia which is usually found to be a 

sequella of some one of the infectious fevers, though other origins are 

alsocommon. Melancholia of the second type (of intellectual origin) 

is explained in a similar way. An idea ora mental shock may act 

upon the body (via the circulatory system, as suggested by Meynert’s 

theory of emotion) in such a way as to produce a psychical depression 

essentially similar to that found in the cases of the first type. From 

this, as before, arises not melancholia, but a melancholic condition. 

It follows then that melancholia has no existence as a mental en- 

tity, but may be resolved into sensory processes, on the one hand, on 

the other hand, into phenomena of arrest. 

Dr. Dumas’ essay will prove of interest alike to pathologist and 
psychologist. 

(om Man: 

Feeling and Thought.) 

The work before us falls into two parts distinguished by the 

sources of their materials, (1) Morbid Psychology, (2) Normal Psy- 

chology. The pathological part part discusses in successive chapters 

mania, melancholia, hypochondria, extacy, chronic delirium. Of 

‘these the first four are, ‘‘considered by themselves, so to speak, sym- 

metrical and exhibit separately all the elements of conscious life.’ 

Mania is knowledge of the outer world, hypochondia of the organic, 

or bodily processes, isolated and deprived of all feeling content. Each 

is therefore a morbid exaggeration of thought. In melancholia and 

extacy, on the contrary, feeling is isolated and exaggerated to the ex- 

clusion of thought. In normal life feeling and thought each acts as a 

counterpoise keeping the other in equilibrium. When this equilibrium 

is destroyed by disease, feeling and thought are found to vary in in- 

verse ratio, though no definate mathematical law is to be inferred from 

this form of expression. 

1GODFERNAUX, ANDRE. Le sentiment et la pensée et leurs principaux as- 

pects physiologiques. Essai dei psychologie expérimentale et comparée. Paris, 

fF, Alcan, 1894, pp. xii + 225. 
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The stupor which marks the final stage of melancholia is regarded 

as a condition in which feeling exists in a pure state, dissociated from 

thought. The reviewer questions whether in such a case any form of 

consciousness whatever would be possible. It may well be doubted 

whether even the most typical and uncomplicated case of any one of 

these forms of alienation ever results in so perfect an isolation of the 

psychic factors as is here implied ; yet it is freely granted that such is 

their tendency and the author’s principles, if not over-worked at the 

outset, may be of service to us in the sequel. 

In Chronic delirium the author finds ‘‘a definate and constant 

succession of different affective states ! corresponding to definate and 

constant modifications of the association of ideas ; such that the evo- 

lution may be the transcription or better the ‘justification’ of the 

affective states.” 

In the second part it is first shown that in normal life the same 

general relations prevail between feeling and thought as those so 

greatly exaggerated in pathology. The association of ideas is rarely 

normal and perfectly systematized. It constantly tends toward inco- 

herences differing in degree only from those found in the types of men- 

tal alienation. Consciousness, in other words, is rarely in a state of 

equilibrium. 
The author vigorously combats the popular idea that the associa- 

tion of ideas is a self-explanatory mechanism ; and he does more than 

most other critics, he puts a more sound idea in place of it. Those 

vague, unlocalized somatic prpcesses whose psychical equivalent is 

found in the ‘‘affective state” lie at the basis of most associations ; 

other are due to emotions.2. The affective life, or ‘‘inner life” is the* 

fluid medium upon which floats thought. Thought then (and this 

seems to the reviewer a won sequitur) grows out of feeling. This is 

true for the individual only, not for for the species. ‘‘If in the race, 

it is thought which produces feeling, since it is the external excitations 

easily registered in the organism which establish little by little the ten- 

dencies or emotions; in the individual, on the contrary, it is feeling 
which produces thought, since it is only in obedience to hereditary 

1 «Affective state’? is a term employed to designate feeling in its undiffer- 

entiated form; regarded as corresponding in the motor realm to phenomena of 

excitation or depression. 

2 ««Emotions,’’ as defined by the author, are concrete, well-defined forms of 

feeling which arise when the somatic processes have been coordinated into 

tendencies. 
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tendencies that thought may arise and develop.” It seems of doubt- 

ful propriety to regard either as derived from the other since both are 

probably primitive. 

In conclusion, the author regards it as established that there is a 

constant and rigorous parallelism between the conscious life and the 

motor life and that the phenomena of consciousness act and react up- 

on each other like the motor phenomena to which they correspond. 

While accepting many of the fundamental postulates of the newer 

monists and often adopting their phraseology, he maintains a strictly 

dualistic attitude throughout, quoting with approval Paulhan, ‘‘There 

are not a spiritual world and a material world acting upon each other; 

there is a parallelism between them and not reciprocal action.” 

While we should in many cases draw conclusions different from 

those of the author from the evidence presented, yet the book has 

much to commend it as a sincere and conservative attempt to solve 

some of the deeper psychological problems of today. 

Jol: 

The Standard Dictionary. 

By courtesy of the publishers (Funk and Wagnalls Co., New 

York) we have placed upon our table a copy of the Standard Diction- 

ary. While a critical review of philological principles would be out 

of place here, yet the work possesses some points of practical interest to 

the student and the author which merit notice. It claims to offer a 

layer vocabulary than any other English dictionary ; and, while not a 

dictionary of technology, we have found the selection of technical 

terms in anatomy, physiology and medicine comprehensive and well- 

selected beyond our expectation. The large number of such terms 

admitted has been made possible by frequently grouping them in ta- 

bles under the name of the specialty to which they belong, thus under 

craniometry over two hundred special terms are defined. The phonetic 

spellings recommended by the American Philological Association are 

given a place along with the current forms ; the rules for the com- 

pounding of words are an advance upon anything which has thus far 

appeared, though the application of even these simple rules seems 

rather cumbersome; illustrations are very numerous and usually ex- 

cellent. The full page color plates are worthy of special mention. 

A convenience of the greatest practical value is the position of 

the definition, which immediately follows the vocabulary term. So 

also, the most common significance is placed first, the others follow- 

ing in order of usage ; last of all the etymology, the quotations, deriv- 
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atives, phrases, synonyms, etc. The system of diacritical marks em- 

ployed, the ‘‘ scientific alphabet,” may be confusing to many who 

know no language but English; but to all familiar with European 

languages, either ancient or modern, this difficulty will disappear, and 

in any case the gain in uniformity and precision more than compen- 

sates it. 
There are many other new and original features, but the best of 

all is the evident thoroughness with which the work has been edited 

and the eminent ability enlisted in all departments. We regard the 

Standard Dictionary as the most satisfactory general dictionary of the 

English language thus far published. 
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The Present State of Comparative Psychology.' 

One turns to this work with eagerness. The author is master of 

the rare art of expressing logical thought in perspicuous English and 

has already done much to lift the study of animal intelligence out of the 

vulgar rut in which it has so long laid. Has he perhaps at last discov- 

ered the key to the interpretation of the mental processes of animals 

for which we have been groping? Has he at least shown us how we 

may contribute toward this end and make our scattered observations 

acquire a scientific value? Unfortunately a negative answer must be 

given to both questions. But this is far from saying that there is not 

much of value in the book. Many familiar things are said in a brighter 

way and the reconstructed biological monism is ably expounded. 

What the author in his prolegomena modestly calls a subordinate 

object, the discussion of the place of consciousness in nature, will, it is 

most likely, usurp a preeminent place in the minds of most readers. 

Mr. Morgan’s monism is analytic; for him the organism is one and 

indivisible, but is polarisable in analytic thought into a bodily anda 

mental or conscious aspect which, like object and subject, are distin- 

guishable but not separable. One is as true as the other, the true real- 

ity is the union of them both. 

Adopting Professor James’ figure of a wave of consciousness, the 

physiological conditions of consciousness are discussed. As far as the 

body is concerned, all that it does or suffers belongs to the category of 

occurrences of the material world. Life is a coordinated sequence of 

transformations of energy. Accompanying some of these transforma- 

tions of energy or molecular changes of the body are states of con- 

sciousness. ‘These are psychical not physical states. The wave of 

consciousness constitutes the mind. According to this then the mind— 

the totality of the wave of consciousnes—does not exist apart from the 

conscious activity. There remain only organic vestiges or structural 

changes. For the monist the conscious is simply an aspect of the ner- 

vous. ‘The important question is, How does a molecular change hap- 

pen to have two aspects—what is meant by the word ‘aspect,’ under 

1C. LLoyp MorGANn. Introduction to Comparative Psychology. Walter 

Scott, London, Price six shillings. 
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whose specious covering what of fallacy may not hide? Can there be 

two aspects apart from two observers or two positions of the same 

observer, and is not a change of position as much a competent cause 

as a molecular vibration? Again, what is it whose position changes? 

Right here is an obscurity which any amount of prior or subsequent 

brilliance serves but to throw into stronger contrast. Frankly stated 

we have a dynamic realism, according to which force—activity— is all 

and in all. Matter is simply our interpretation of certain rates and fig- 

ures of vibration. Our author recognizes subdominant nervous states 

whose intensity is suficient to bring them into consciousness, but no 

criterion is offered to determine the availability of one intensity rather 

than another for this important office nor are we helped to understand 

how such subconscious processes continue to exert an influence on the 

dominant ones. The discrimination of three methods of estimating the 

position of a given mind in the scale is, we think, useful and deserving 

a wider illustration than it received. ‘The chapter on the sense impres- 

sions of animals is pleasing reading and contains interesting illustrative 

matter. 

In the closing paragraph of the passage on automatism and con- 

trol we are told that it is a suggestion unsupported by cerebral anatomy 

that there may be centres for the control of sensory activity. Perhaps 

the now well-attested existence of efferent fibres in the nerves of special 

sense will supply the author with at least a suggestion in this direction. 

The reasons are given at length for denying to lower animals the 

power of perceiving relations or reasoning but as they consist chiefly in 

a sifting of evidence it is doubtful whether the result can be accepted 

as conclusive. It would seem to us that the hub of the matter lies in 

the question whether a given process in man or animals is to be identi- 

fied with its subsequent explanation. There can be little doubt that all 

isolated mental processes in man may be performed independently of 

any formulation of them. What the man may do but the animal can- 

not do is to put that process explicitly in language. In denying reason 

to animals Morgan excludes implicit reasoning and limits the process to 

a recognition of the necessary relation of cause and effect. 

Coming now to the core of the problem, our author admits that 

there is an orderly and determinate activity in consciousness without 

which the subject tumbles to pieces as an incoherent series of sensations 

with nothing to give them unity and to interpret them as a whole; he 

adds that so far from being dissimilar to anything else in the realm of 

existence, this selective synthetic activity in consciousness is but the 

subjective aspect of the selective synthetic activity which is objective 
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in the not-self. Here again we seem to be juggling with the phrase 

** subjective aspect.” We have been taught to avoid the use of that to 

be defined in our definitions. Is this not the precise fallacy here com- 

mitted? If not what, pray, is consciousness but the criterion of sub- 

jectivity ? . To this selective synthetic activity the name of will is given, 

which could only be ignored if the scheme were really one of conscious 

automatism which it mysteriously is not. Alum in crystallizing, if 

endowed with reflective self-consciousness (as there seems to be nothing 

but the feebleness or simplicity of its molecular processes to prevent), 

would have a will and that will would be “free,” that is, unhampered 

by external constraint. The reviewer is certainly striving here to keep 

close to his author, without straining for the incongruous which seems, 

nevertheless, dangerously near. 

We might give up the attempt to follow the argument through the 

chapter on the evolution of consciousness as our inability to grasp the 

logic of the treatment of consciousness invalidates for us the whole. 

Convinced as the author is that all modes of energy have their con- 

scious aspect it follows for him that these states are like states and that 

the highest may be evolved from the lowest concomitantly with the cor- 

responding organisms. But it does not at all follow that because two 

stimuli are both vibrations of definite rates that the two corresponding 

sensations are like sensations, nor need it follow that because a certain 

rate and complexity of vibration takes place in a monkey brain and a 

similar but higher rate and complexity of motion occurs in the human 

brain the psychical processes of the two differ alone in degree. It cer- 

tainly does not follow because consciousness is associated with neural 

processes that it is only a modification of some nonconscious process 

associated with some other neural process. In fact, if our criticism 

holds, the fabric of the argument dissolves and there remains an emi- 

nently readable and incidentally very instructive collection of facts and 

expositions. Crk. Hi: 

The Brain in Relation with Psychic Phenomena.! 

Some four years ago the editor of this Journal explained the tardy 

development in recent times of physiognomy and the allied sciences as 

a result of the baseless and extravagant claims of the phrenologists 

which tended to drive all serious investigators from the field of so much 

IMINGAZZINI, GIOVANNI. II Cervello in Relazione con i Fenomeni Psichici. 

Studio sulla Morfologia degli Emisferi Cerebrali dell’uomo. Con un’introdu- 

zione del Prof. Sergi e 43 figure. Bzbioteca Anthropologico-giuridico, Fratelli 

Bocca, Editori, Turin, 1895. 
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charlatanism. ‘The influence of the Italian school of criminal anthro- 

pology which was at that time permeating Europe has since made a 

profound impression in this country, and indeed the avidity with which 

the public has siezed upon the wildest vagaries of the most reckless 

apostles of degeneracy offers in itself a profitable study for the neurolo- 

gist. And so again the more conservative scientists are inclined to look 

upon all that is associated with the new criminology with suspicion and 

a truly impartial view becomes difficult. 

It is the more gratifying therefore to note the appearance of this 

work of Dr. Mingazzini, a work fully in sympathy with all the positive 

results of the school of Lombroso and yet preserving throughout that 

judicial attitude whose assurance rests on the secure foundation of care- 

fully complied and well digested statistics. ‘The work is by no means 

a popular treatise, but is well adapted to put the actual facts of the sub- 

jects discussed before the busy reader who is supposed to possess al- 

ready some knowledge of the matter. We are therefore introduced at 

once to the technical description of the variant features of the human 

brain in its different social and ethnic aspects. 

First, fifty pages are devoted to the Morphology of the Cerebral 

Hemispheres of the Human Fetus and of the Primates. This discus- 

sion is very thorough, summarizing not only the observations of previ- 

ious investigators but also the elaborate studies of the author himself. 

These latter consist largely in the details of numerous measurements of 

the brains of primates and men and constitute a very valuable addition 

to the literature. The resemblance anticipated on a priori grounds be- 

tween the brains of man and the primates is not wanting provided we 

compare not adult primates with embryonic men, but, following the 

course approved by all modern research, comparing the human fetus 

with embryonic stages of the various primates. The author is inclined 

to agree with Vogt that ‘‘ of the higher anthropoids no one can be said 

to be nearer than another to man” and with Gratiolet that the Ameri- 

can simians have deviated less from the common ancestor of men and 

apes than have the anthropoids. 

The remaining chapters take up successively the following topics: 

The Morphology of the Cerebral Hemispheres in the Sexes, in the Hu- 

man Race, in Persons of Genius and High Intelligence, in the Case of 

Deformed Crania, in Criminals, in the Insane and Deaf-Mute, and in 

Microcephalia. The final chapter reviews the chief views concerning 

microcephalia and discusses the interpretation of degenerative stigmata. 

If, after the perusal of these chapters, the reader is somewhat disap- 

pointed at the meagerness of the positive results, it is because the au- 
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thor has been able to present both sides of each issue fairly and openly 
and the simple statement of all the facts is often sufficient to throw 

doubt upon many cherished popular ideas. ‘The discussion of the real 

significance of the relation of the frontal lobes to high intelligence is a 

case in point. The general effect however of these chapters is not to 

discourage research, but by pointing out that the real weakness of all 

previous work has been generalization on too slender a foundation of 

observed fact to encourage more active and thorough research along 

all of these lines. 

The question of degeneracy is introduced by an elaborate critique 

upon microcephalia, a character which from its historical and other im- 

portance occupies a crucial position in the whole discussion. ‘The ata- 

vistic and pathological theories of the origin of microcephalia are both 

rejected, or rather, they are harmonized in a single new theory. The 

argument is somewhat as follows. Ontogeny being a compressed re- 

capitulation of the phylogeny, many terms of the latter being suppressed 

in the former, we may assume that terms not expressed are latent. 

These latent terms require only a favorable disposition of the organism 

to become patent and to remain permanently in the organism. Such a 

disposition may be furnished by disease, etc. It is then impossible to 

establish a fixed barrier between atavism and pathology, and the search 

for a type of microcephalic brain is obviously useless. The anomalies 

which may return at any time are so numerous and depend for their 

presence upon so many complicated conditions that they will never be 

repeated. An atavistic vestige then is nothing else than @ sign indicat- 

ing that the evolution of an organ has not been accomplished with complete 

and normal regularity ; the disease ts the necessary condition for the revival 

of the atavism. 

This granted, the conclusion follows: a phylogenetic record upon 

the surface of the cerebral mantle has no other value than that appear- 

ing on any other organ, and consequently to judge of the abnormality 

of an organism the presence of atavistic characters in other organs 

should be taken into account. Now we understand why the number 

of degenerative stigmata seems to increase in the insane, epileptic, 

idiotic, and criminal and why with the number of stigmata the number 

of diseases should naturally increase. 

Again, the author says, in the word ‘‘ abnormality ” or in the more 

usual term ‘‘ degeneration” it is impossible therefore to find anything 

definable, but we affirm that an individual has departed from the normal, 

that is from the normal state of the species to which he belongs, in 

proportion to the traces either of the advance of morbid processes or of 
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anomalies which may be either atavistic or simply indicative of an arrest 

of development, or in other words, the more numerous are the signs of 

degeneration. 

Mingazzini, then, arrives by this more direct route at the same 

conclusion as Feré in his recent work on the Neuropathic Family, that 

while degenerative stigmata exist and are of great value to the neurolo- 

gist and the criminologist, yet it is and will forever remain impossible 

to define a ‘‘ criminal type” as a fixed morphological entity. 

Not the least valuable part of the work is the bibliography ap- 

pended to each of the chapters. These are full, though by no means 

complete, the American literature having been most neglected. Such 

a book is of the greatest value, not merely, perhaps not chiefly, for the 

new facts which it contains, though these are by no means inconsider- 

able, but for the illumination which it throws over the entire field, re- 

vealing the points both of strength and of weakness and pointing the 

way for coming investigators. 
C. J. H. 

Catalepsy.! 

This study is confined to catalepsy as observed in mental disease. 

The author considers that here it has only the value of a symptom and 

that it may develop in almost all mental diseases. The cataleptic states 

which appear in the course of the psychoses are characterized by the 

slowness of their invasion and termination and by their duration. 

Their progress is more often remittent than intermittent. They are 

usually incomplete, partial. ‘They coexist with an augmentation of 

the muscular tension and an enfeeblement of voluntary psycho-motor 

activity. ‘They appear to be due in general to disturbances of percep- 

tion which abolish the sensation of fatigue or render it confused and 

which determine the persistence of the motor images transmitted, with 

their corresponding excitations. In the great majority of cases hys- 

teria takes no part in the production of the cataleptic states observed 

in mental diseases. When it coexists with a psychosis it may produce 

in the course of the latter catalepsy of the hysterical type. Cataleptic 

phenomena may be simulated by the insane who are dominated by a 

delerious idea or an hallucination ; by individuals who are not insane 

who wish to exempt themselves from some social burden. In these 

cases the myographic curve and the curves of the pulse and the respi- 

ration can unveil the deception. Go Jiautele 

1 Le MAITRE, PAUL. Contribution a l’étude des Etats Cataleptiques dans 

les Maladies Mentales. aris, G. Steinheil, 1895, pp. 96, 2 plates. 
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Dual Brain Action.! 

The case presented is of unusual interest in the fact that well 

marked physical conditions are seen to coincide with the two mental 

states. The patient, a sailor and a Welshman, was a noisy, de- 

structive dement. He exhibited frequent alternations of condition, in 

one of which he used his right hand by preference and spoke and un- 

derstood English and was talkative, crafty and destructive. In the 

second, or Welsh, condition he is left handed and apathetic, speaks 

Welsh and that very imperfectly and scarcely distinguished one object 

from another. In this case either hemisphere seems to be capable of 

independent action, the change from one to the other being the occa- 

sion of the change from Welsh to English and from left to right hand- 

edness. The pulse curves in the two conditions are very unlike so that a 

change in circulation may be suggested as as an occasion for the transi- 

tion. It may be noticed also that an intermediate condition in which 

the patient is ambidextral and used either language also occurs. It is 

suggested that only the left hemisphere has been educated and that 

this, rather than the unequal ravages of disease, accounts for the pa- 

tient’s greater proficiency in the English stage. 
Cait 

The Diseases of Personality.’ 

The first edition of this translation we have already noticed. In 

the present edition the translation has been revised and improved upon 

and some typographical errors have been corrected. In the second 

chapter we notice that the word ‘‘emotional” of the first edition has been 

replaced by the term ‘ affective.” The author’s preface to the fourth 

edition is prefixed and the value of the work further increased by the 

addition of a full index. 

The Cranial Nerves of Protopterus.’ 

This piece of work will interest comparative anatomists for reasons 

quite apart from the critical taxonomic position of the type studied. 

So exhaustive a study of any type and one based on so keen apprecia- 

1 Bruce, L. E. Notes ona Case of Dual Brain Action. S#raim, LXIX, 

P- 54- 

* RisoT, TH. The Diseases of Personality. Authorized Translation. 

Second, Revised Edition. Chicago, The Open Court Publishing Co., 1895. 

3 PinKus, F. Die Hirnnerven des Protopterus annectens. 7 plates and 10 

text-figures. Morp. Arbetten Herausg. von G. Schwalbe, IV, 2, 1895. Jena, G. 

Fischer, 
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tion of the morphological questions invoved could not fail to be of 

value no matter what the type under investigation. 

In the study of the more minute ramifications gross dissections 

were supplemented by microscopic reconstructions in wax and by 

means of plats made on cross-section paper. The application of both 

these methods to the eye muscle nerves has yielded results whose accu- 

racy and completeness contrast very favorably with the more crude re- 

sults of the earlier investigators. These arrangements conform more 

closely to those of the lower Amphibia than to those of the bony fishes. 

The comparisons made with the Amphibia throughout are of the great- 

est interest. 

Probably the most striking morphological feature brought out by 
these investigations is the discovery of a new cranial nerve in Protopterus 

which is not found in other vertebrates, a preliminary notice of which 

appeared in the Anatomischer Anzeiger last year. It arises near the 

median line in front of the optic nerve at the extreme cephalic end of 

the preoptic recess. It courses forward along the base of the brain 

near the median line, and upon emerging from the cranium takes its 

position at the ventro-mesal angle of the olfactory nerve. This it main- 

tains up to the nasal membrane. It terminates in the skin of the upper 

border of the external nares. Like the olfactory nerve it is nonmedul- 

lated. It has nothing to do with the recessus neuroporicus [lobus ol- 

factorius impar] as it lies at the ventral end of the lamina terminalis. 

Dr. Pinkus very wisely declines to discuss its morphology until there is 

a better observational basis. No safe conclusions can be drawn until 

more is known of its inner course and connections. 

In the discussion of the trigeminus and facial systems many valu- 

able points are brought out. The morphological conclusions are based 

upon and in the main agree with those expressed by Strong in his 

earlier papers. In the Amphibia two types must be distinguished, the 

aquatic and the terrestrial, as indicated in the following table. 

2 Type I. 

Urodele larvz, Perennibranchiata, Derotrema, and Aquatic Salamanders. 

The Trigeminus posseses 

I. R. maxillaris, which subdivides into 

a) r. maxillze inferioris, 

b) r. maxillee superioris, 

2. R. ophthalmicus profundus. 

The Facial consists of 

I. R. hyoideomandibularis, 

2. R. lateralis, which subdivides into 

a) R. ophthalmicus superficalis facialis, 
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b) R. buccalis, 

c) R. mandibularis externus to the hyoideomandibularis. 

3. RK. palatinus. 

Type Il. 

Land Salamanders. 

The Trigeminus consists of 

1. R. maxille inferioris, 

2. R. maxillz superioris, 

3. R. ophthalmicus [profundus]. 

The Facial consists of 

I. R. hyoideomandibularis, 

2. R. palatinus. 

In type I the divisions of the R. lateralis facialis supply the supra- 

orbital, infraorbital, and mandibular lateral canals respectively. In the 

various species of Amphibia this ramus is developed inversely as the 

ramus maxillz superioris ; it disappears in the terrestrial forms with the 

atrophy of the lateral canals. Type I is illustrated by larvz of Sala- 

mandra maculata, Type II by Geotriton [Spelerpes] fuscus. Ambly- 

stoma punctatum obviously lies between these extremes. Protopterus 

conforms in general to Type I. 
Ga Jiey His 

Huber’s Histology.’ 

This little book comprises a series of practicums, apparently those 

used by the author in his classes, though the copy furnished us lacks 

both title page and imprint. It is adapted for classes in medical schools 

and elsewhere where it is desired to furnish the class with material 

already prepared for the demonstration of structure rather than to give 

instruction in the technique of the laboratory. Provision for the latter is 

made, however, by the addition of a section of about 50 pages on the 

methods for laboratory work. ‘This section includes methods for mac- 

erating, hardening and fixing, decalcifying, impregnation, injecting, 

embedding, staining, and methods for preparing and staining blood 

preparations. ‘The last is accompanied by an excellent plate of blood 

elements. The selection of methods has in the main been judicious, 

though our experience would hardly justify so free use of mercuric 

chloride as a fixer. The expositions are both clear and concise. In 

the body of the book the number of exercises given under each topic 

is small, but here again good judgment has been shown in their selec- 

tion. Thus 1g studies are devoted to the nervous system, 7 to periph- 

1For sale by George Wahr, Bookseller and Stationer, Ann Arbor, Mich. 

$1.50. 
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eral nerves, 7 to nerve cells, and 5 to spinal cord, cerebellum and cere- 

brum. Mechanically the book is badly constructed. The binding of 

blank pages of ordinary book paper into a laboratory guide for the stu- 

dent’s drawings is a practice not to be recommended. It is our expe- 

rience that much better results are secured by the use of tablets of good 

drawing paper properly punched so that they can at the end of the 

course be bound up in any desired order by the student. Even if the 

guide is interleaved with good drawing paper, this arrangement is 

inconvenient and otherwise objectionable. 
C50 

The Eyes of Decapods.' 

Investigations on the invertebrate nervous system have of late 

scarcely kept pace with the phenomenal advances made in the domain 

of the vertebrates. This of course is largely due to the enormous diff- 

culties encountered in the development of an appropriate histological 

technique. It is therefore with considerable interest that we watch the 

result of each new attempt to apply to the various tissues of the inver- 

tebrates the modern methods which have made possible the great dis- 

coveries of the last decade in vertebrate neurology. This mono- 

graph by Dr. Parker brings into prominence very vividly the great 

fruitfulness of this field when it is cultivated by one who has the 

patience and ingenuity necessary to overcome the mechanical difficulties 

of the research. In these days when the literature is made up so 

largely of the immature productions of callow students and of prelim- 

inary notices of observations which are never verified it is a grateful 

relief to meet with a study so thoroughly and symmetrically executed 

as this one. 

It is impossible to give an adequate abstract of the paper without 

reference to the accompanying plates; a few only of the author’s con- 

clusions are therefore presented. ‘The methods which yielded the most 

valuable new data were those of Golgi and Ehrlich (methylen blue). 

A valuable feature is the systematic counting of all the elements of the 

eye and ganglion which could be made available for the purpose. The 

fibres of the rhabdome are regarded as nervous structures, the distal 

ends of the fibrillee of the retinal nerve fibres. Each retinula is made 

up of seven elements, each of which represents a single cell which is a 

neuron in the sense of Waldeyer. ‘The details of the structure of the 

rhabdome are presented with great distinctness. The pigment was 

IPARKER, G. H. The Retina and Optic Ganglia in Decapods, especially 

in Astacus. Mitthetlungen a. d. zoologischen Station zu Neapel, XII, 1, 1895. 
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carefully studied and its physiological significance worked out. The 

theory of vision adopted is that of Max Schultze and Grenacher, that 

the rhabdome is the perceptive organ of the retina. The experiments 

to determine the character of the image thrown upon the retina seem 

to have been more carefully planned than those of the previous observ- 

ers and are regarded as important in two respects. ‘‘ They show that, 

when the rhabdome is surrounded by pigment, its whole length can be 

penetrated only by very strong light, though its distal end can always 

be illuminated even by diffused daylight, and, secondly, they confirmed 

the belief entertained by Miiller, Grenacher and Exner that the image 

in the compound eye is a single upright one for the whole retina, whose 

perceptive elements, the rhabdomes, receive each a single impression.” 

The optic ganglia, their decussations, and the optic nerve receive full 

treatment. COMIN fat: 

The Ciliary Ganglion.! 

Schwalbe, from comparative and embryological studies, came to 

the conclusion that the ciliary ganglion is a root ganglion for the oculo- 

motorius. The recent discovery that the cells of the cerebro-spinal 

ganglia, except the acustic, are always unipolar with a single dichoto- 

mous axis-cylinder, while the cells of the sympathic ganglia are multi- 

polar, both in man and other mammals, has afforded an opportunity to 

test decisively whether the ciliary ganglion is to be placed in the former 

or latter category. In accordance with this principle, the author has 

previously shown that the following cranial ganglia belong to the cere- 

bro-spinal system,— g. jugulare, g. cervicale n. vagt, g. petrosum n. glos- 

sopharyngel, g. geniculin. facialis, g. seminulare n. trigemini ; while the 

following ganglia must be relegated to the sympathic system,— g. of7- 

cum, g. Sphenopalatinum, g. submaxillare, g. ciliare. ‘The ciliary gan- 

glion was studied anew in the light of Schwalbe’s results to determine 

whether it might not be a mixed ganglion, but the result was only a 

confirmation of the first conclusion. ‘The application of the Golgi 

method to the ganglion in the hands of Van Gehuchten gave negative 

results and that author is inclined to regard it as a cerebro-spinal gan- 

glion. Retzius has finally succeeded in securing adequate impregna- 

tions and finds that his first result is fully confirmed again. ‘The cells 

are all of the multipolar sympathic type and there are no unipolar 

cells among them. It appears that Michel has independently secured 

the same results by the same method. 

1RETzZIUS, GUSTAF. Ganglion Ciliare. Bzol. Unters., N. F., VI, 2-3, 1894. 
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The Physician’s Visiting List. 

Lindsay and Blakiston’s Physician’s Visiting List for 1896 has been 

placed on our table. This old favorite needs no introduction to the 

profession from us. We will merely call attention to the improvements 

contained in the forty-fifth issue. 

More space has been allowed for writing the names and to the 

‘Memoranda Page ;” a column has been added for the ‘‘ Amount” of 

the weekly visits and a column for the ‘‘ Ledger Page.” 

To do this without increasing the bulk or price, the reading matter 

and memoranda pages have been rearranged and simplified. 

The Lists for 75 Patients and 1oo Patients will also have special 

memoranda page as above, and hereafter will come in two volumes 

only, dated January to June, and July to December. While this makes 

a book better suited to the pocket, the chief advantage is that it does 

away with the risk of loosing the accounts of a whole year should the 

book be mislaid. 

The Annual of the Universal Medical Sciences.! 

We cannot too highly commend to the medical profession this an- 

nual review of the periodical literature. Of course, every physician 

reads his medical journals; but no physician can read all of the jour- 

nals, not even those of his own specialty. This is done for him by the 

editors of the Annual and the results classified and presented in a very 

accessible form. Altogether the work stands without a peer. The 

issue of 1895 is at hand and presents the usual wealth of quotation and 

illustration. 

Brain Origin. 

Sir William Broadbent’s Presidential Address before the Neuro- 

logical Society of London last January? deals with several interesting 

theoretical matters under the title given above. A good point is made 

bearing on the relation between the peripheral and the central nervous 

organs. ‘‘ All who have attempted to grasp the mystery of nervous 

action have recognized that the nerve endings are highly specialized 

and endowed with some powers allied to those of the centres. This is 

1Edited by Charles E. Sajous, M.D., and seventy associate editors, assisted 

by over two hundred corresponding editors, collaborators, and correspondents. 

Five volumes, illustrated by chromo-lithographs, engravings and maps. /Az/a- 

adelphia, Pa., The F. A. Davis Company. 

? Brain, Parts II and III, 1895. 
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especially evident in the case of the sensory nerves and attains its high- 

est development in the retina and auditory nerve. . . . There can 

be no difficulty, then, in supposing that at the sensory terminal distribu- 

tion generally, force is continuously generated and maintained at a cer- 

tain degree of tension, which is balanced and resisted in the nerve cen- 

tres by force there generated. In the same way the relation between 

the motor nerve endings and the motor nerve nuclei in the cord 

would be one of balanced tension. The muscular tonus which 

gives rise to the knee jerk would appear to be the peripheral ex- 

pression of such a relation.” ‘This relation of mutual tension and 

reciprocal control finds its expression in a great variety of very 

familiar activities and inhibitions, including trophic influence. In 

the latter case, ‘‘the nerve endings in skin and muscles are identi- 

fied in their nutrition with the structures to which they are distributed. 

The muscles, indeed, may almost be looked upon as end-organs of the 

motor nerves. Through this community of structure and nutrition with 

the nerve terminations it seems to me that the tissues will take part in 

the maintenance of the tension between periphery and centres, while 

in turn the nerves will influence the nutritional processes in the tissues 

just as by way of analogy, heat and electricity condition chemical 

action.” 
Gh Ms Ee 

The Central Connections and Relations of the Trigeminal, Vago-Glosso- 
pharyngeal, Vago-Accessory and Hypoglossal Nerves. 

Under the above title Dr. Wm. A. Turner presents some interest- 

ing results in the Journal of Anatomy and Physiology for October, 1894, 

based upon a study of silver preparations of newly-born kittens, Wei- 

gert-Pal preparations of an eight-months’ human foetus, experimental 

work on monkeys and cases of bulbar paralysis. We offer his sum- 

mary: 
1. The hypoglossal nucleus is solely a nucleus of origin; the 

efferent fibres are the axis-cylinder processes of the cells of the nucleus 

of the corresponding side, and have no direct connection with opposite 

nucleus, or with the nuclei of Roller and Duval; the afferent hypoglos- 

sal fibres are derived from the pyramids, forming in chief part the fore 

proprie, also from the reticular formation, and possibly from the fillet. 

2. The nucleus ambiguus is the nucleus of origin of the motor 

fibres contained in the roots of the glosso-pharyngeal, vagus, and vago- 

accessory nerves, and innervates, among other structures, the levator 

palati and internal thyro-arytenoid muscles. The afferent fibres of the 

glosso-pharyngeal and vagus roots are the axis-cylinder processes of the 



lvi JOURNAL OF COMPARATIVE NEUROLOGY. 

ganglia upon these nerves, which terminate in the posterior vago-glosso- 

pharyngeal nucleus and in the gelatinous substance around the /ascecu- 

lus solitarius (KOlliker). These facts are confirmed by observation of 

cases of bulbar paralysis, and by experimental section of the glosso- 

pharyngeal root. ‘These structures therefore form the nuclei of termi- 

nation of the combined vago-glossopharyngeal nerve. 

3. The substantia gelatinosa and spongiosa, situated in the lateral 

parts of the medulla oblongata and pons Varolii, forms the end-nucleus 

of the so-called ascending trigeminal root, the fibres of which are the 

axis-cylinder processes of the cells of the Gasserian ganglion (K6lliker). 

Section of the sensory division of this nerve is followed by degeneration 

of the ascending root through the gelatinous substance into the sudbstan- 

tia spongiosa, where the fibres break up into end-tufts. In this situation 

are cells, chiefly of Golgi’s first type, whose axis-cylinder processes pass 

into the reticular formation. 

4. The motor nucleus of the fifth nerve is the nucleus of origin 

of most of the fibres of the motor root, the fibres being the axis-cylin- 

der processes of the large multipolar cells of the nucleus. 

5. The so-called descending trigeminal root is composed of the 

axis-cylinder processes of the cells in the outer part of the Sylvian grey 

matter, and joins the motor division of this nerve. It is not improba- 

ble that this nucleus innervates some of the muscles supplied by the 

fifth cranial nerve. It is not ‘‘ trophic” in the sense used by Merkel. 

6. There is no direct cerebellar root of the fifth nerve. What 

has previously been described as such is a tract of fibres passing be- 

tween the roof nuclei and the nucleus of Deiters, and probably also 

between the superior olivary bodies and the roof nuclei of the cerebel- 

lum (Bruce). 

Homoplasty of the Brain.! 

The attempt to establish homologies on the basis of external char- 

acters alone is rapidly being abandoned in most departments of neuro- 

logical research. ‘The extremes of error to which this method may 

lead are well illustrated by the homologies current until recently for 

the various parts of the fish brain. It would seem as if the other ex- 

treme, that of painstaking experimental localization of homologous 

functions, were represented in the paper under consideration. The 

new experiments were performed on hedgehogs (Z7imaceus), cats and 

rabbits. The comparison of the cortical areas of the cat and the dog 

} MANN, GusTAv. On the Homoplasty of the Brain of Rodents, Insect- 

ivores, and Carnivores. Jour. Anat. and Physiol., N.S., X, 1, Oct., 1895. 

a 
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develops a number of interesting points correlated with the habits and 

instincts of these animals. Compare the results of Polimanti on the 

functional distribution of the motor roots from the cord of these 

animals.! 

The cerebrum of the hedgehog—hitherto described as smooth—is 

found to present a very rudimentary Sylvian fissure and another more 

strongly developed which the experiments permit to be homologized 

without doubt with the pre-sylvian fissure. He adds, ‘‘ On comparing 

the brain of the hedgehog with that of the dog and monkey, it will be 

The Brain of the Rabbit. 

seen that the conclusion arrived at by Sir William Turner, namely, 

‘that the pre-sylvian and pre-central fissures are homologous ’—a con- 

clusion based on Ferrier’s researches—is fully born out.” 

The experiments on the rabbit’s brain were very complete and 

amply verified. The results are presented in the accompanying dia- 

gram copied from the author’s. It is to be noted that the areas for the 

eye and ear are centres of motion, not of sensation. The discovery 

of a sigmoid gyrus and the perfectly typical arrangement of the motor 

areas as compared with the other mammals are points of the greatest 

interest. (oven (ARH si 

Memory and the Specific Energies of the Nervous System.” 

The two lectures bound up in this little volume are both suggest- 

ive. The first will prove of especial interest in connection with the 

1 Lo Sperimentale, XLVIII, 3, 1894. 

*HERING, EwaLp. Memory as a general Function of Organized Matter 

and The Specific Energies of the Nervous System. Chzcago, The Open Court 

Publishing Co., 1895. 
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problem of so-called unconscious cerebration. Some familiar facts are 

set forth in a new light. The application of organic memory to hered- 

ity, while not new, is aptly put. 

The second article is an enthusiastic plea for Johannes Milller’s 

theory of specific energies of nerves and an attempt to apply it more 

widely to the rest of the nervous system and indeed to the body as a 

whole. This doctrine has been in the main supplanted by that of cen- 

tral analysis and control and its revival is another indication of the 

growing tendency among biologists to emphasize the importance of the 

periphal activities of the body as contrasted with the older idea of a 

dominant central control of all bodily faculties. 

But the reviewer fails to understand why the doctrine, if accepted at 

all, should be confined to the peripheral parts of the nervous system. 

At birth each of the sensory nerves is accredited with a specific energy, ~ 

but the higher centres of the brain are spoken of as ‘‘ virgin.” By a 

process of education each element of these parts of the brain acquires 

‘an increased ability to reproduce the same kind of irritation by a per- 

manent change of its internal structure” until finally the cerebral cells 

all acquire specific energies. Is not this a far worse extreme than the 

one controverted? For why deny to the cerebrum those hereditary 

predispositions which are so freely granted to the peripheral nerves, 

and this too in the face of all which we know of cephalization and the 

allied principles? If we may be permitted to apply the doctrine of in- 

herited specific energies to the whole nervous system and particularly 

to the central nervous system, it becomes a useful principle. 

Perhaps the most valuable point made in the essay is on the ques- 

tion of method. Speaking of the difficulty of demonstrating the physical 

basis of specific energies, he says, ‘‘ To reveal the delicate secret of 

living matter by the comparatively crude methods of chemistry, would be 

like trying to explain the mechanism of a watch by melting it in a cru- 

cible, and examining the molten mass with respect to its ingredients.” 

C..7 He 

The Illinois Society for Child Study.! 

It has become quite the fashion in some quarters to ridicule every 

attempt at popularizing the study of child-psychology and more especi- 

ally the introduction of the study of these problems into the home.. It 

cannot be gainsaid that the results of such study are in many cases highly 

ridiculous ; and yet the most unscientific observer, even though she be 

1 Transactions of the Illinois Society for Child Study. Vol. I, Nos. 1 and 

2. Chicago, lll., The Werner Co., Dec., 1894 and May, 1895. 
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at the same time a mother, cannot carry out a system of observations 

on young children under proper direction without deriving much of edu- 

tional value from it. ‘True, the scientific results of such amateurish 

study will be slight; yet aside from this, the societies for child study 

find ample justification as educators of parents and primary teachers. 

It would seem as if no one could observe the hap-hazard way in which 

children are usually allowed to grow up in the home and the hopelessly 

mechanical treatment which they too often receive during the first 

years at school without being impressed with the importance of a more 

thorough pedagogical training on the part of those upon whom devolves 

the moulding of the child’s mind during its most formative period. Of 

course there is the danger that inexperienced hands may bungle and 

develop self-consciousness instead of self-possession on the part of the 

child. And here much depends on the direction given. 

The Illinois Society for Child Study would seem to be especially 

favored in its leadership. The presence on its executive committee of 

such men as Drs. W. O. Krohn, H. H. Donaldson, A. Meyer, and 

Bayard Holmes, carries with it the assurance of high scientific ideals 

and a very practical application of them. The papers thus far issued 

in the official organ of the society are of a very miscellaneous char- 

acter and of very unequal practical importance. They are all 

suggestive and well adapted to their double purpose of education 

and permanent scientific record. Probably the most important single 

paper is Dr. Krohn’s translation, in the first number, of Preyer’s ‘‘ Di- 

rections for Conducting a Daybook Recording the Development of the 

Infant from Birth.” Cale Ee 

Princeton Contributions to Psychology.! 

These semi-annual publications evidence a very commendable 

activity on the part of the Princeton psychologists. The studies in the 

present fasciculus may be characterized as practical and suggestive 

1 Edited by J. MARK BaALpwIN. Vol. I, No. 2. Reprinted from The 

Psychological Review. Princeton, N. J., The University Press, Price 50 cents. 
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rather than profound. ‘Those dealing with square-size have an obvious 

application to decorative art which is of considerable importance. Pro- 

fessor Baldwin’s paper on Types of Reactions deals with the question 

of ‘‘sensory” and ‘‘ motor” reactions. He cites two cases in which 

the ‘‘ motor” reaction is clearly longer than the ‘‘sensory,” in one case 

fully % longer. He argues for the discrimination of sensory and motor 

types of reagents and claims that the custom of Wundt and his follow- 

ers of excluding the motor reactions when they chance to be longer than 

the sensory is bad method. Professor Hibben gives the details of a 

case of partial or transitory deafness, in which the subject seemed 

totally deaf except in connection with objects of unusual interest, a 

very instructive illustration of normal functioning carried to abnormal 

excess. Cg 

The Ganglion Cells of the Spinal Cord. 

This essay received the prize of the American Neurologlcal Asso- 

ciation. The results of the author’s experiments on cats are detailed in 

the following summary. 
1. The severance of the continuity of a spinal nerve or of both its 

roots is always followed by retrogressive changes both in cells which 

are intimately connected with its posterior roots and in cells from which 

its motor fibres originate. 

2. a. These changes may set in gradually and consist in a gradual 

shrinkage of all parts of the cell accompanied by a modification of its 

structure, characterized by increased affinity to certain analine stains 

and evidently also by a solidification of its contents. 

b. Or the changes may set in acutely, being marked by swelling 

and homogeneous transformation of the cell contents; this transforma- 

tion begins in a circumscribed part of the cell-body and then spreading 

itself towards the periphery, it involves the processes and nucleus. 

This transformation may lead to liquefaction and final absorption 

of the cell, or may arrest itself at a certain stage. 

In specimens treated after Marchi’s method, the beginning of the 

homogeneous transformation is marked by swelling and distinct differ- 

entiation of all parts of the cell, while normal cells receive a shrunken 

rudimentary appearance by this method, so that their ganglionic charac- 

1B, OnuF [ONUFROWICz]. The Biological and Morphological Constitution 

of Ganglionic Cells, as influenced by Section of the Spinal Nerve Roots or Spi- 

nal Nerves, To which is appended some remarks on localization. Journal of 

Nervous and Mental Disease. XX, 10, Oct., 1895. 
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ter can hardly be recognized. In later stages of the degeneration the 

differentiation of the various parts becomes lost. 

3. The character of the retrogressive changes is determined. 

a. By the distance of the point of lesion from the cell. 

b. By the character of the cell, or more probably by the manner 

of its connection with the severed fibres. 

In ‘‘ motor” cells severance of the motor fibre near origin from the 

cell (section of the anterior root) is followed by the acute changes, viz. 

by homogeneous transformation of the cell. 

Lesion of the motor fibre at a considerable distance from the cell 

effects as a rule the gradual changes, that is, a gradual shrinkage of the 

cell; but occasionally, as the case of amputation reported by Kahler 

and Pick proves, also here the changes in the ‘‘ motor” cells may have 

the character of homogeneous degeneration. 

In the cells of Clarke’s columns, in the small cells situated at the 

base of the posterior horns, and in those of the lateral horns the changes 

always bore the character of the gradual shrinkage, no matter whether 

the nerve (larger distance), or the roots (small distance) was severed. 

Here the manner of the connection between the severed fibre and the 

cell which undergoes the change is less intimate than the connection 

between ‘‘ motor” cell and motor fibre, as the latter is the principal 

part of the neuron of which the ‘‘ motor”’ cell forms the centre. 

4. The gradual shrinkage gives probably much more chance for 

recovery of the cell, if the continuity of the severed nerve fibre can be 

restored, than the homogeneous degeneration. 

5. The small cells situated at the base of the posterior horns along 

the course of the nerve bundles, which pass from the ventral part of the 

posterior columns towards the lateral columns, are intimately connected 

with the posterior roots. Part of these cells are connected with poste- 

rior root fibres of the same side, part with posterior root fibres of the 

opposite side. This connection probably consists in close contact of 

the terminal branches of the posterior root fibre with the network into 

which the axis cylinder of the altered cell dissolves itself ; nothing pos- 

itive can be stated in that regard, however, without examination by 

Golgi’s or Ramon y Cajal’s method. The latter makes no mention of 

said cells. 

6. The cell group of Clarke’s columns is in connection with fibres 

of the posterior roots both of the same and opposite side. 

7. Of the cells of the medial zone (Waldeyer’s ‘‘ Mittelzellen”), 

and of the small cells of the lateral horn, I can only state, that they 
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undergo a shrinkage after the severance of the peripheric nerve or its 

roots, but cannot decide with which of the roots they are connected. 

8. The group of cells which supplies the muscles of the back with 

motor fibres, occupies the medial and anterior horn, which is in accord- 

ance with the views of Kaiser and Collins respecting the function of 

this group. 

In conclusion I wish to recommend warmly Nissl’s method of 

staining as a valuable addition to the methods in use for the investiga- 

tion of the central nervous system. For the study of the finer struc- 

ture of ganglionic cells it is much superior to the nigrosine, carmine 

and similar stains. This superiority is due to the fact stated by Nissl, 

that the hardening with the chromsalts damages the structure of the 

célls, for which reason fine cell changes will easily escape observation. 

Degenerations of Sensory Tracts in the Spinal Cord.! 

Dogs were experimented upon by cutting the dorsal roots of one 

side, in one case of the lumbro-sacral plexus, in another case of the 

four last dorsal nerves. In the former case the dog was kept alive 33 

days, in the latter two months and a half. The spinal cord was treated 

by a modification of Marchi’s method. 

1. Inthe portion of the cord corresponding to the six sensory 

roots cut from the lumbro-sacral plexus the degeneration is conspicuous 

in both the white and the gray matter. In the former it extends also 

to the dorsal columns of both sides, to the direct cerebellar tracts of 

both sides, to the white and gray ventral commissure, a few to the ven- 

tral columns, and a still smaller number to the intra-medullary fibres of 

the ventral roots. In the grey matter degeneration is noted in the en- 

tering fibres of the dorsal root, in the transverse section of the longitu- 

dinal fibres and of the fibres running between the base of the dorsal 

cornu and the centre of the grey matter, and in the nerve cells, not a 

few of which are atrophied, some granulated and some disappeared. 

a. In adjacent regions cephalad the degenerative process is 

always conspicuous in the dorsal columns, limited, however, to the in- 

ternal portion of the columns of Burdach and Goll. It is equally con- 

spicuous in the direct cerebellar tracts, especially in the dorsal part. 

Few degenerate fibres are seen in the ventral columns, and they are 

rare in the ventral commissure. It is never observed in the intra-med- 

ulary fibres of the dorsal or of the ventral root. In the grey matter 

1 PALADINO, G. Gli effetti della recisione delle radici sensitive del midollo 

spinale e la loro interpretazione. Amnnali di Nevrologia, XIII, 1-2, 1895. 
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traces of degeneration always appear in the fibres at the base of the 

dorsal cornua. 
3. In more distant regions cephalad the degeneration is limited 

apparently to the column of Goll, though the possibility of its affecting 

the innermost fibres of the column of Burdach is not excluded. In 

the lateral columns it is limited to the dorsal part. 

4. Comparing these degenerations with those which appear in 

points caudad of the injured area, the differences are notable. If the 

alterations are bilateral, there is much difference between the two 

sides. ‘The degenerations are distributed very differently from those 

described by other observers and from those just described. Adjacent 

to the injured area they are limited to the most external part of the col- 

umn of Burdach, with an enormous difference between the two sides. 

Much less extensive 1s the degeneration of the lateral columns, 

also with conspicuous difference between the two sides. The 

degeneration of the most internal part of the ventral columns is 

very noticeable with little or no difference between the two sides; there 

is, moreover, a certain amount of degeneration in the ventral commis- 

sure. In more distant regions caudad the degenerate fibres diminish 

conspicuously and apparently none are present in the dorsal columns. 

5. Inthe case of the second dog, from which the sensory roots 

were cut in the four last dorsal segments, the results were essentially 

the same, with, however, the difference that in the descending degen- 

eration the cells of the grey matter are affected in a significant man- 

ner. They are atrophied, granulose and with a remnant of the neuro- 

logical reticulum on the surface. 

The paper concludes with a discussion of the physiological and 

trophic significance of the facts presented. 
Ca He 

Post-Darwinian Questions.’ 

‘¢Some time before his death Mr. Romanes decided to publish 
those sections of his work which deal with Heredity and Utility, as a 

separate volume, leaving Isolation and Physiological Selection for a 

third and concluding part of Darwin, and after Darwin.” 

The preceding paragraph from Professor Morgan’s introductory 

note sufficiently explains the scope of the present volume. We are 

1 ROMANES, GEORGE JOHN. Darwin and after Darwin: an Exposition of 

the Darwinian Theory and a Discussion of Post-Darwinian Questions. II. 

Post-Darwinian Questions, Heredity and Utility. Chtcago: The Open Court 

Publishing Company, 1895. 
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further told that most of the matter contained in this part was already 

in type, though not finally corrected for the press, at the time of the 

author’s untimely death. These, as well as the other parts which were 

left in manscript, have suffered only verbal alterations at the hand of 

the editor. 
The work falls into the two great sections indicated in the sub-title, 

the first chapter constituting a general introduction to the whole. As 

this introduction has been otherwise published in a leading periodical 

we need not stop to review it here. 

The first section on heredity, which receives the title, Characters 

as Hereditary and Acquired, is taken up almost wholly with the specu- 

lations of Weismann; it, however, covers very different ground from 

the earlier work, ‘‘ An Examination of Weismannism.” The logical 

system which goes by the name of Weismannism is graphically de- 

scribed as consisting of a basal postulate as to the absolute non-inherit- 

ance of acquired characters, upon which is erected a Y-like system of 

deductions. The stem of the Y is the deduction as to the absolute 

continuity of germ-plasm, the limbs of the Y are constituted by deduc- 

tions as to the architecture of the germ-plasm and deductions as to the 

theory of organic evolution respectively. Now, in the Examination 

Mr. Romanes assumed the postulate and then examined the deductions 

which make up the Y; in the present work he deals only with the 

basal postulate. 

But here we meet a dead-lock which Mr. Romanes has taken 

great pains to make plain both in this connection and in previous pub- 

lications. Weismann calls for proof that acquired characters are not 

transmitted in a state of nature. But when an apparent case of such 

transmission is presented, he replies, How do you know that the char- 

acters in question are not adaptive and therefore perpetuated by natural 

selection? But if cases of the transmission of non-adaptive characters 

are adduced, he replies that there are no such characters. Seeing that 

natural selection is taken to be the only possible cause of change in 

species, it follows that all changes occurring in species must necessarily 

be adaptive, whether or not we are able to perceive the adaptations. 

The case, then, is very much like that of a doughty knight pitching his 

glove into the sea, and then defying any antagonist to take it up. ‘‘Prob- 

ably enough has now been said,” Mr. Romanes adds, ‘‘ to show that 

the Neo-Darwinian assumption precludes the possibility of its own 

disproof from any of the facts of nature (as distinguished from domes- 

tication)—and this even supposing that the assumption be false. On 

the other hand, of course, it equally precludes the possibility of its own 
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proof; and therefore it is as idle in Darwinists to challange Weismann 

for proof of his negative (i. e. that acquired characters are not trans- 

mitted), as it is in Weismann to challange Darwinists for proof of the 

opposite negative (i. e. that all seeming cases of such transmission are 

not due to natural selection). This dead-lock arises from the fact that 

in nature it is beyond the power of the followers of Darwin to exclude 

the abstract possibility of Lamarckian principles. Therefore at pres- 

ent the question must remain for the most part a matter of opinion, 

based upon general reasoning as distinguished from special or crucial 

experiments. The evidence available on either side is presumptive, 

not demonstrative.” 
Mr. Romanes next proceeds to summarize the evidence, indirect, 

direct, and experimental, on both sides of the question. Under the cap- 

tion of Indirect Evidences in Favor of Transmission, the most important 

section is that concerned with reflex action and instinct. As this evi- 

dence is new, it may be worth while to examine Mr. Romanes’ argument 

at some length. ‘‘It belongs to the very nature of reflex action,” he 

maintains, ‘‘ that it cannot work unless all parts of the machinery con- 

cerned are already present, and already coordinated, in the same or- 

ganism.” It follows, of course, that the coordinated mechanism which 

thus constitues a physiological unit cannot have been developed by in- 

sensible gradations under the law of natural selection. The reflexes 

must, then, have originated as conscious acts which have been pre- 

served and transmitted under Lamarckian principles; i. e. reflexes, like 

many instincts, are lapsed intelligence. The argument is presented 

under three heads. (1) The simplest piece of reflex machinery can- 

not have occurred—as a result of congenital variations alone—in any 

considerable number of individuals of a species when it first began to be 

constructed ; if it should chance to occur it would be swamped by inter- 

crossing. (2) Reflex actions, from their very nature, cannot admit of any 

very great differences in degree of adaptation; the working efficiency 

must be perfect from the start. (3) Even when reflex mechanisms have 

been fully formed, it is often beyond the power of sober credence to be- 

lieve that they now are, or ever can have been, of selective value in the 

struggle for existence. 
Now, it seems to me that the first two of these points lose all of 

their weight and the third much of its weight from a few very simple 

considerations. There isa theory of the origin of reflexes which is 

held by a not inconsiderable number of biologists which Mr. Romanes 

seems not to have taken into account. Going back to the most primi- 

tive properties of organized matter, we find prominent among these the 
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property of irritability. Simple protoplasm, then,—and much more, 

nervous protoplasm—has the property of returning a motor response to 

a sensory stimulus; this is mechanical, or, at least, it is not truly voli- 

tional. This motor discharge is the result of the chemical or biological 

instability of the protoplasm and at first will follow lines of least resist- 

ance. ‘The strength of the reaction will depend, in a measure, at least, 

on the strength of the stimulus, and the reaction against all stimuli will 

at first be spasmodic, i. e. non-adaptive, just as the reaction against a 

too powerful stimulus is today in the highest animal. ‘These primitive 

reactions, however, at once come under the influence of the law of 

natural selection and for normal intensities of stimulus the non-adaptive 

reactions will speedily be eliminated in accordance with known evolu- 

tionary principles. Of course, this view of the origin of reflexes (and 

of instincts, as well) has not yet been proven to the satisfaction of all ; 

and yet, since it is held by a respectable number of biologists, it ought 

not to be neglected in a discussion of this sort. 

Let us now examine in the light of this theory the illustrations 

brought forward by Mr. Romanes, which he states were chosen because 

they are fairly typical of the phenomena of reflex action in general. 

First, as to the reflex withdrawal of the foot upon an irritation, he says, 

“‘ Even in its present fully formed condition it is fairly questionable. 

whether it is of any adaptive value at all. The movement performed 

isno doubt an adaptive movement; but is there any occasion upon 

which the reflex mechanism concerned therein can ever have been of 

adaptive use? Until a man’s legs have been paralyzed as to their vol- 

untary motion, he will always promptly withdraw his feet from any in- 

jurious source of irritation by means of his conscious intelligence. 

True, the reflex mechanism secures an almost inappreciable saving in 

the time of the response to a stimulus, as compared with the time re- 

quired for response by an act of will; but the difference is so exceed- 

ingly small, that we can hardly suppose the saving of it in this partic- 

ular case to be a matter of any adaptive—much less selective—impor- 

tance.” Again, we are referred to the familiar complex of actions ex- 

hibited by the brainless frog. Of these actions those associated with 

the maintenance of equilibrium are selected for especial consideration. 

Both of these cases are regarded as clear cases of lapsed intelli- 

gence and as quite inexplicable by any application of the theory of 

natural selection ; but we have seen that this conclusion will not be uni- 

versally accepted. Furthermore, in his first case, the slight saving of 

time by the reflex response as compared with the volitional response is 

by no means to be neglected. I should regard it as an adaptive char- 
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acter of the greatest selective importance; but of still greater impor- 

ance in this case, as well as in the second case, is the gain in the pre- 

cision of the movement in the case of the reflex. Almost any oft-re- 

peated reflex action can be performed not only more promptly but 

more perfectly without the aid of consciousness than with such inter- 

ference. But a consideration of more importance than any of the pre- 

ceding is the principle of mental economy. It is a familiar pedagog- 

ical maxim that education consists largely in the training of the lower 

centres so as to enable them to perform the mechanical duties of life 

unconsciously, thus leaving the mind free for the performance of higher 

duties. Mr. Romanes seems not to have recognized this when he 

says, ‘‘ As long as the animal preserves its brain, it will likewise pre- 

serve its balance, by the exercise of its intelligent volition. And, if 

the brain were in some way destroyed, the animal would be unable to 

breed, or even to feed; so that natural selection can never have had 

any opportunity, so to speak, of developing this reflex mechanism in 

brainless frogs. On the other hand, as we have just seen, we cannot 

perceive how there can ever have been any vazson d’etre for its develop- 

ment in normal frogs—even if its development were conceivably possi- 

ble by means of this agency. But if practice makes perfect in the race, 

as it does in the individual, we can immediately perceive that the con- 

stant habit of correctly adjusting its balance may have gradually devel- 

oped, in the batrachian organization, this non-necessary reflex.” To 

this it need only be added that the reflex is normally present and is in 

constant use as a reflex in the uninjured body and that in this case, at 

least, it is by no means useless. The other illustrations adduced seem 

to me open tosimilar criticisms. Now, I do not mean to imply that no 

reflexes and no instincts are due to lapsed intelligence; but many re- 

flexes and some instincts are certainly not so derived and Mr. Romanes’ 

illustrations for the present discussion would seem to have been most 

unfortunately chosen. 

Among the experimental evidences of the inheritance of acquired 

characters, the experiments of Brown-Sequard on guinea-pigs stand out 

as preeminent. They are, in fact, almost the only experiments which 

can be cited thus far which can be regarded as in any way decisive. 

The now famous experiments of Brown-Sequard are described and their 

results, so far as they are germain to the present discussion, are out- 

lined, together with Weismann’s comments upon them. But of far 

greater interest is the account of the long-desired verification of Brown- 

Sequard’s experiments undertaken by Mr. Romanes himself. The first 

series of experiments was begun over twenty years ago and then yielded 
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negative results, hence were never published. Within the last decade they 

were resumed moge systematically under the direction of Brown-Sequard 

himself. Brown-Sequard’s conclusions as summarized by himself may 

be taken up in order. 

Ist. Appearance of epilepsy in animals born of parents which had been 

rendered epileptic by an injury to the spinal cord. 

2nd. Appearance of epilepsy also in animals born of parents which had 

been rendered epileptic by section of the sciatic nerve. 

These points have been previously verified by others, and the sec- 

ond was many times repeated by Mr. Romanes. The skin was removed 

from the anesthetic area behind the ear, the irritation of which caused 

the fits, and it was found that no kind or degree of irritation supplied 

to the subjacent tissue had any effect in producing a fit. 

3d. A change in the shape of the ear in animals born of parents in which 

such a change was the effect of a division of the cervical sympathetic nerve. 

4th. Partial closure of the eyelids in animals born of parents in which 

that state of the eyelids had been caused either by section of the cervical sym- 

pathetic nerve, or by the removal of the superior cervical ganglion. 

The author performed few experiments and these with negative 

results. 
5th. Exophthalmia in animals born of parents in which an injury to the 

restiform body had produced that protrusion of the eyeball. . . . In these 

animals, modified by heredity, the two eyes generally protruded. 

Brown-Sequard’s results were in the main verified here, though the 

author is not willing to base any final conclusions upon his experiments. 

6th. Haematoma and dry gangrene of the ears in animals born of parentsin 

which these ear-alterations had been caused by an injury to the restiform body. 

These results were corroborated. In the progeny the morbid pro- 

cess never goes so far as in the parents which have been operated upon, 

and it almost always affects the mdale thirds of the ears. Two photo- 

graphs illustrate this point. ‘‘ It should be observed that not only is a 

different part of the ear affected in the progeny, but also a very much 

less guantity thereof. Naturally, therefore the hypothesis of heredity 

seems less probable than that of mere coincidence on the one hand, or 

of transmitted microbes on the other. But I hope to have fairly ex- 

cluded both these alternative explanations. For, as regards merely ac- 

cidental coincidence, I have never seen this very peculiar morbid pro- 

cess in the ears, or in any other parts, of guinea-pigs which have 

neither themselves had their restiform bodies injured, nor been born of 

parents thus mutilated. As regards the hypothesis of microbes, I have 

tried to inoculate the corresponding parts of the ears of normal guinea- . 



Literary Notices. Ixix 

pigs, by first scarifying those parts and then rubbing them with the 

diseased surfaces of the ears of mutilated guinea-pigs; but have not 

been able in this way to communicate the disease.” 

7th. Absence of two toes out of the three of the hind leg, and sometimes 

of the three, in animals whose parents had eaten up their hind-leg toes which 

had become anesthetic from a section of the sciatic nerve. 

The author’s experiments in this connection were carried on 

through a series of six successive generations, so as to produce, if pos- 

sible, a cumulative effect. Yet no effect of any kind was produced. 

Not less interesting is the vast series of experiments undertaken by 

the author which yielded only negative results. ‘These included thou- 

sands of experiments on graft-hybridization both of plants and of ani- 

mals,—bulbs, buds, tubers, the combs of Spanish cocks on the heads 

of Hamburgs, in mice and rats the grafting together of different va- 

rieties, and in rabbits and bitches the transplantation of ovaries of newly 

born individuals belonging to different breeds. The author was, how- 

ever, never able to obtain a graft in the latter case. The experiments 

carried out in the transfusion of blood and the transplantation of fertil- 

ized ova between different varieties of rabbits prove to have been 

utterly irrelevant, for it appears that rabbits, even when crossed in the 

ordinary way, never throw intermediate characters. Mr. Romanes 

therefore promptly on this discovery.made arrangements for again re- 

peating the experiments—only, instead of rabbits, using well-marked 

varieties of dogs. But the completion of this research was denied him 

by failing health. 

Much of the matter contained in part I. would be in the hands of 

another a mere fruitless threshing over of old straw, but by reason of 

his extensive experimental work every opinion expressed by Mr. 

Romanes is weighty. His death just at this time is therefore the 

greater loss. 

Section II, on Utility, is devoted to an elaborate, and as it seems 

to me, a final proof of the inadequacy of natural selection as a uni- 

versal cause of evolution. Into the details of this discussion we can 

not here enter. Conn ES 

Influence of Sensory Nerves upon Movement and Nutrition.! 

Upon section of the whole series of sensory roots belonging to a 

limb, the movements of the hand and foot are practically abolished, 

1 Mort, F. W. and SHERRINGTON, C.S. Experiments upon the Influence 

of Sensory Nerves upon Movement and Nutrition of the Limbs. Prelim. Com- 

munication. Proc. Roy. Soc., LVII, 345, 24 May, 1895. 
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and that permanently. In the animals experimented upon—monkeys 

—the movement of grasping never occurs either with hand or foot. 

The affected limb hangs passively flexed. Associated movements of 

the limb are comparatively little impaired, while the independent and 

more delicately adjusted movements which employ preponderantly 

the smaller and more individualized muscular masses of the hand and 

foot, and serve to move the digits, especially the hallux and the thumb 

—in fact, just those movements which are represented most liberally in 

the limb area of the cortex—are extremely severely impaired, and, in 

some instances, are abolished. Several weeks after the operation elec- 

trical stimulation of these areas and convulsions induced by absinthe 

epilepsy both gave reactions which were little if at all different from 

those of the uninjured limbs. These observations seem to the author 

to point to the profound difference existing between the production of 

the finer movements of the limb in volition on the one hand, and by 

experimental stimulation of the cortex on the other. Their importance 

to the theory of cortical localization is obvious. 

Upon section of a single sensory root no paralysis occurs, due to 

the fact of overlapping of the areas of peripheral distribution so that no 

area of anesthesia is produced. But, even if an area of absolute anzs- 

thesia be produced by the section of several roots, and even though 

this area be the highly sensitive palm, yet the impairment of movement 

resulting in the limb is comparatively slight if sensibility in an impaired 

degree be permitted to the adjacent parts. If, however, the whole 

hand or foot be rendered anesthetic the impairment of movement is 

about as great as if the entire limb were affected; while conversely, if 

the whole series of sensory roots belonging to a limb be destroyed 

except those of the hand or foot, the impairment of motion is slight. 

The experiments were applied to the study of the so-called muscu- 

lar sensations. It is possible to sever the sensory fibres from the 

muscles of the limb without interfering to any great extent with those 

from the skin. In this case there is no appreciable defect of move- 

ment; conversely, if the sensory fibres from the skin are destroyed and 

those from the muscles are left intact, the defect in movement is 

extreme. 
No disturbances in nutrition were demonstrated in the areas rend- 

ered anesthetic. The degenerations in the cord showed that the fibres 

of Goll’s column are mainly derived from the sensory roots from the 

lower limb, while the fibres of Burdach’s column are derived largely 

from the dorsal roots from the upper limb. On the other hand, section 

of a short series of five dorsal and upper lumbar roots produced no ap- 
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preciable degeneration in Goll’s column. ‘Their upward path must be 

via the grey matter, and probably subsequently by one of the cerebel- 

lar tracts to the cerebellum. 
Cuivre 

Race Differences in Reaction Time.! 

It would, at first thought, seem natural to expect that prompt re- 

action to a stimulus would be associated with highly developed mental 

powers and perfect education. A moment’s reflection would show that 

this is not the case. Strong intelligence implies a wide degree of co- 

ordination and education implies a development of inhibitory and select- 

ive processes. Both these tend to delay the psycho-motor reaction time 

and this may occur when the actual rate of translation of the stimulus 

is high. 

Dr. Bache, having discovered that in the Indian and Negro races 

the reaction time is shorter, explains it by supposing that the lower 

automatic mechanism is more highly differentiated in the lower races 

and that in proportion to intellectual advancement there is a compensa- 

tory waning in the efficiency of the automatism of the individual. We 

question if it is necessary to seek so radical a differéhce as above indi- 

cated. (On i Uae s 

Wellesly College Psychological Studies.’ 

The ‘‘ Minor Studies’? communicated by Mary W. Calkins em- 

brace in the present instalment a brief discussion of the ‘‘ continued 

story” by Mabel Learoyd and and notes on Synesthesia by the editor. 

The former is a series of notes on a special form of imaginative process 

which in some form must be found in every experience. The degree 

to which the narrative element is disassociated from the ego seems to 

be the point requiring study. We look in vain in the paper for any 

analysis or suggestions as to the bearing of the facts though the latter 

are not wholly unsuggestive. 

The statistics given are clearly valueless as there seems to be suf- 

ficent ambiguity as to the term ‘‘ continued story” to quite invalidate 

the replies. Let us inquire, for example, whether the boy with a me- 

chanical turn and who spends an hour or two each night in building a 

steamboat till sleep overpowers him, resuming the process on the follow- 

ing night has a continued story. He will reply ‘‘no,” but the im- 

IBACHE, R. M. Reaction Time with Reference to Race. Psych. Rev., I/, 5. 

2Am. Journ. Psych. VU, 1. 
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aginative process is essentially the same as that of the school girl who 

constructs a story in which she as heroine passes through a variety of 

episodes with Prince Charming. 

It seems that if a method could be found for measuring the extent 

to which the ‘‘ story” is objectivized and projected clear of the ego 

and also the degree to which it is associated with purposive elements a 

pedagogic value would be acquired. 

In the paper on syneesthesia the most valuable contribution is per- 

haps the very full list of questions carefully tabulated and arranged. 

Ct. He 

Kraepelin’s Psychologische Arbeiten. 

The first number of this volume contains a paper by the editor on 

Psychological Experiments in Psychiatry.and one by A. Osborn entitled 

Experimental Studies as a Contribution to Individual-Psychology. Nei- 

ther of these admits of synopsis, while the remaining paper is referred 

to elsewhere. The first ‘‘ heft” is well-printed and forms a pamphlet 

of over 200 pages devoted to the department of experimental psychol- 

ogy requiring the most tedious experiments and involving the greatest 

demands on good judgement and insight. It is to be hoped that the 

subsequent numbers will fulfill the promise of the first. 
CE ene 

Influence of Fatigue on Psychical Processes.' 

The results reached from a laborious study of bodily and mental 

fatigue are summarized as follows: Mental exercise of addition for one 

hour or physical exercise as in a two hours’ walk results in a diminution 

of mental power—as evidenced in the time occupied in recognition, 

choice and association, and in the enfeeblement of memory and de- 

crease of the amenability to practice. In the main, physical effort was 

more influential than mental, so that gymnastics and walking cannot be 

considered as refreshment from mental effort. After mental labor there 

were symptoms of motor fatigue, after physical of central motor ex- 

citability, the latter disappearing more quickly than the former. Great 

fatigue (night experiments) produced in contrast to others, a depression 

which continued several days. 

The evidence seems to show what practical experience has often 

suggested, that the elements of mental fatigue are all corporeal. Prac- 

tically, the beneficial effects of exercise lie on this side of excessive fa- 

tigue whether mental or muscular. Ci Teche 

1BETTMANN, S. Psychologische Arbeiten. Herausg. v. Emil Kraepelin. 

Heidelberg, 1, 1, 1895. 
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A Case for Diagnosis. 

Though the interest in degeneracy as a popular fad seems to be on 

the wane, yet John Bryan’s volume of ‘‘ Fables”! may still possess 

some interest to the mental pathologist,—highly spiced as it is, it can 

hardly lay claim to serious recognition in any other quarter. The book 

would seem well adapted both in style and matter to furnish pabulum 

very acceptable to the disciples of Nordau. We do not presume to 

decide whether the author himself is degenerate, but his literary style 

certainly is so. Colloquialism could be condoned if it were a cloak for 

anything better; but it is difficult to see how the author expects to 

‘‘have made the reader wiser, better, truer” by his tirades against all 

religion and conventional morality, and the fact that it is done up ‘‘ on 

elegant cream paper, uncut edges front and bottom, bound in the new, 

tasteful styles of Buckram with stamped sides and back,” does not ma- 

terially help the matter. (eerie, 

The Physiology of Pain.’ 

The punctiform stimulation of the skin with gradually increasing 

stimuli establishes the presence of two thresholds of the stimulus, a 

lower one for the pressure sense, a higher one for pain. Pressure spots 

and pain spots are distinct, the former near the hair bulbs. 

There are rather large areas of the body which are sensitive to 

pressure, but not to pain, and others which perceive only pain. The 

latter, accordingly, have only a single threshold of the stimulus, which 

need not lie higher than the threshold of pressure and indeed may lie 

considerably lower (cornea ). 

The author concludes, therefore, that sensations of pain are pro- 

vided with special organs, pain spots and pain nerves. 

In the second communication the free nerve-endings between the 

epithelial cells are regarded as the pain-termini. This receives corrobo- 

ration from the fact that these are the only termini known in the cor- 

nea. ‘The pressure spots are distinguished from the pain spots not only 

physiologically and anatomically, but by greater excitability by the 

oscillating electric current and by the peculiarity of being not constantly 

but.rhythmically excited by the constant current. The relation of these 

1Fables and Essays. By JoHN BryANof Ohio. Mew York, The Arts and 

Lettres Co., 1895. 

2M. v. Frey. Beitrige zur Physiologie des Schmerzsinns. Bericht i. Verh. 

hl. Séchs. Ges. d. Wiss, cu Leipzig. Math.-Phys. Classe, 1894, 2, pp. 185-196 > 

Do., 1894, 3, pp. 281-296; Do., 1895, 2, pp. 166-185. 
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spots to temperature spots is discussed in the third communication. 

The termini swellings (endkolben) described by Krause and Dogiel are 

regarded as cold termini. The nerve skeins (WVervenknaeuel) of Tomsa 

and Krause and Ruffini’s termini are regarded as warm termini. Meiss- 

ner’s corpuscles are the tactile termini. 

To our mind the introduction of so much purely hypothetical mor- 

phology does not promote confidence in either the physiological results 

or the conclusions deduced from them. 

Con PSHE 5 

Pain Nerves. - 

In the September Psychological Review Herbert Nichols severely 

criticises Dr. Strong’s article in the July number because of its state- 

ment ‘‘ that the evidence seems on the whole to indicate that pain im- 

pulses are exaggerations of tactile, heat and cold impulses, and are 

conducted by the same nerves.” Mr. Nichols admits that there is not 

a particle of anatomical evidence for separate ‘‘ pain fibres” but we 

think betrays ignorance of modern histology when he summarizes the 

objections to the Wundt theory as follows: ‘‘ First the numerous 

cases, normal and pathological, of pain without accompanying sensa- 

tions of touch, heat or cold. Next, its demand for a much more 

complicated and duplex arrangement of our sensory nervous systems— 

cranial as well as cord—than present anatomy gives any suggestion of.” 

It is much to be questioned whether, as Mr. Nichols farther claims, the 

phenomena are ‘‘ more reasonably explained by the very simple theory 

of pain nerves.” Ifthe recent remarkable advances in our knowledge 

of the cord have shown anything it would seem to be that the paths by 

which a stimulus may ascend from the dorsal roots are extremely com- 

plicated. There is abundant reason to assume that super-potent stimuli 

may find their way (a trifle more slowly ) through multineuritic paths 

and reach other termini than normal sensory stimuli. ‘There is a curi- 

ous obscurity in the idea that an exaggerated stimulus will necessarily 

produce a sensation of the same kind as normal one. ‘This implies a 

‘« specific energy” theory with decided limitations. We do not con- 

sider the phraseology of Dr. Strong’s paper happy but it is certainly as 

easy to reconcile our present anatomical and physiological knowledge 

with a ‘‘ shunt theory” as it is to find any opportunity for purely hypo- 

thetical pain nerves. The psychological bearing of the former has 

been already discussed by the writer in this Journal. 

On Ee E 
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Development of Associational Fibres of the Cortex.! 

It is a well-known fact that the medullated fibres connecting the va- 

rious parts of the cerebrum do not all appear at the same time in the 

course of embryonic development. Dr. Flechsig has one of his stu- 

dents at work endeavoring to complete our knowledge of the exact 

sequence. In a brief paper some of the results of this study as ap- 

plied to the sensory connections are given. In the foetus at full term 

the first associational bundles are developed in connection with those 

portions of the occipital lobes which communicate with the fillet and 

the ascending fibres from the pre-peduncle of the cerebellum. They 

comprise short arcuate fibres which apparently never extend farther 

cephalad than the central convolution and appear more distinctly in the 

upper regions than in the lower. Examination of the brain of a child 

of four weeks shows that there is a second cortical region aside from 

the central convolution which is characterized by the early appearance 

of well-developed associational systems. Its centre is in the region of 

the lamina perforata anterior and the inner olfactory convolution. From 

this point medullateded bundles go on the one hand to the thalamus 

and basal striata [coronal fibres], and on the other hand to other grey 
centres. 

Above all, numerous medullated tracts pass into the septum pellu- 

cidum and the strize Lancisii which end in the small grey masses on the 

dorsal surface of the callosum, and finally tracts to the uncinate gyrus. 

The most strongly medullated bundle, however, lies within the gyrus 

hippocampi passing caudad parallel to the surface from the cortex of 

the gyrus uncinatus in the form of radial fibres into the cortex of the 

gyrus hippocampi. Individual fibres may be followed up to the region 

of the splenium, course under the ventricle outward and thus come 

into the neighborhood of the rudimentary—poorly medullated—optic 

radiation, with which they possibly penetrate the corpora quadrigamina. 

This bundle is especially strong in that region of the gyrus hippocampi 

which, on the basis of comparative anatomy, is regarded as the olfac- 

tory centre, and there is in the whole brain no associational system 

which can be even remotely compared with it for size. 

In view of the recent discovery that the olfactory cortex is phylo- 

genetically so ancient, these facts acquire a special interest. The early 

appearance of the strize Lancisii is especially suggestive after the dem- 

1 FLecusic, P. Zur Entwickelungsgeschichte der Associationssysteme im 

Menschlichen Gehirn. Bertchte iw. Verh. kl. Sich. Ges. d. Wiss. su Leipzig. 

Math.-Phys. Classe, 1894, 2. 
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onstration by Fish, Herrick and others and subsequently by G. Elliot 

Smith that these fibres are olfactory tracts, putting the olfactory lobes and 

the hippocampus in direct connection. Though this tract isso much re- 

duced in man, yet its appearance cotemporaneously with the olfactory 

connections is a strong corroboration of the homology. 

©. Jp 

Functions of the Retinal Rods. 

Hering! has recently made several contributions to the so-called 

Purkinje’s Phenomenon. When a red and a blue surface (whether the 

color be inherent or spectral) appear equally saturated and then the il- 

lumination is diminished the red becomes fainter and finally disappears. 

The same is true of yellow and green. The change is shown by ex- 

periment to reside in the eye which during accommodation to darkness 

becomes more sensitive to blue-green and less so to red-yellow. Even 

if the colors are unaltered and the general field is darkened the result 

is produced. The gradual disappearance of the colored components 

as against the colorless is the essence of the Purkinje phenomenon. 

The sensitiveness to white increases and to color decreases from the 

fovea toward the periphery of the retina. In the macula lutea the 

color sense alone prevails. Hering explains these phenomena on the 

basis of the different degrees of saturation with white of different col- 

ors and his familiar theory of color vision. Kries,? however, gives a 

much more complete and satisfactory discussion of the matter. 

He shows first that if the illuminated spots are so small that their 

image falls within the macula the change in intensity is not produced 

by accommodation to darkness so long as fixation continues, i. e. so 

long as the image remains in the fovea where as we know only cones 

are found. By exclusion it is easily concluded that the rods alone are 

responsible for Purkinje’s phenomenon. ‘The rods then are character- 

ized by (1) total color blindness, producing the sensation of colorless 

light only whatever the wave length, (z) by greater excitability to short 

and medium wave lengths, and (3) by a great adaptability to various 

intensities. 

These conclusions stand in interesting harmony with those of M. 

Schultze (Arch. f. mik. Anat. I1, 1866,) who showed that nocturnal ani- 

mals and birds lack the cones. The sensation of white may, therefore, 

be produced either by the rods or by a suitable excitation of the trichro- 

1Pfliiger’s Archiv. LX, p. 519, and LXI, p- 106. 

2Ueber die Funktion der Netzhautstabchen. Zeitschrift f. Psych. 1X, 2. 
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matic cones. Concerning the fact discovered by Mrs. Ladd-Franklin 

and Dr. Ebbinghaus that white produced by union of different colors 

varies in intensity when the illumination varies, Kries says: The simi- 

larity of intensity prevailing for high intensities becomes altered on di- 

minishing the intensity according to the rule that the mixture which has 

the greatest ‘‘ rod-valence” then has overplus of colorless light. He 

really interprets Hering’s white-valence as rod-valence and offers a val- 

uable contribution to the physiologico-anatomical construction of color 

vision. The position lies between that of Helmholtz and Hering. 

The paper is too extended to be abstracted here and all interested 

should read the original. Ciba aH, 

The Optical Properties of the Medullary Sheath. 

This paper is chiefly significant because it illustrates a method of 

investigation which is as yet but little known. A study of the optical 

properties of medullated and non-medullated nerves shows that in po- 

larized light with crossed Nicols and a gypsum plate interposed the med- 

ullated nerves transmit red, orange or yellow light, while the non-med- 

ullated nerves transmit violet, indigo or blue. The acuracy of this 

conclusion was checked by control preparations stained by the Weigert 

and the osmic acid methods. As applied to the optic nerve it appears 

that in animals born blind (rabbits) the nerves remain non-medullated 

until the eyes are open. ‘The various sensory and motor nerves, asso- 

ciational tracts etc. show color differences at any given embryonic stage 

which enable one to judge of the extent of medullation and thus of the 

order in which they acquire their sheaths. 

Chg Bs 

The “ Cajal’s Cells” of the Human Cortex. ” 

In this contribution Dr. Retzius completes our knowledge of cer- 

tain peculiar cells found in the so-called molecular layer of the cerebral 

cortex. These cells have been previously described by Cajal and Ret- 

zius in the rabbit, mouse, rat, and cat. This knowledge is now sup- 

plemented by a very exhaustive treatment of their structure in the hu- 

man brain. ‘Their development history has been worked out in a full 

1 AMBRONN, H. and HELD, H. Ueber Entwickelung und Bedeutung des 

Nervenmarks. Berichte Verh. kl. Sachs. Ges. Wiss. zu Leipzig. Math.-Phys. 

Classe. 1895, I. 

7RETZIUS, GUSTAF, Weitere Beitrige zur Kenntniss der Cajal’schen 

Zellen der Grosshirnrinde des Menschen, 6 plates. Biologische Untersuchungen. 

N. F,, VI, 2-3; 1894. 
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series of human foetuses. They first appear in the fifth month and 

have been followed in their development up to birth. Oft-repeated at- 

tempts have failed to differentiate them in post-foetal life in the human 

brain, though they are easily demonstrated in those of other mammals. 

The inability to secure perfectly fresh material is regarded as the cause 

of the failure and we may regard the forms given at birth as practi- 

cally those of the adult, since this is true for the pyramidal and neuro- 

glia cells of the brain. 

In all the foetal stages observed there is a common type for these 

cells ; a cell body with its long axis at right angles to the brain surface 

lying in the molecular layer and usually rather more than half way be- 

tween the layer of pyramidal cells and the brain surface. The pro- 

cesses are of two kinds, short processes ascending directly from the 

cell body to the surface where they end in tuberosities, and long tan- 

gential processes either running directly laterally from the cell or dipping 

to a deeper level there to turn in a tangential direction perhaps in sev- 

eral branches. Along the entire length of the tangential processes 

ascending processes rise to the surface, like the first mentioned pro- 

cesses. ‘The cell bodies are sparsely distributed, but the fibres are very 

numerous and make up the major part of this layer. The author there- 

fore suggests that this layer be named the layer of Cajal’s cells in place 

of the now no longer applicable ‘‘ molecular layer.” 

C.J see 

The Sensory Organs of the Fins of Gurnards.! 

The study of the central nervous system was purely incidental but 

the figures illustrate clearly the large excrescences to the dorsal cord 

due to the specialized development of the first three spinal nerves. 

We may add that very important assistance to a proper understanding 

of the brain segments and their homologies may be expected from a 

comparative study of these protuberances which, like the lobi vagi, 

occur sporadically among fishes. We already know that the cerebral 

hemispheres seem to have been called into being primarily by the emer- 

gence of one of the senses (smell) and are prepared to understand that 

anything which accelerates the development of a sensory segment in 

the cord may produce alike protuberance anywhere in the myelon. 

The nature of the connections and modifications resulting may well 

give us an important clue to the apprehension of the morphological 

significance of the brain segments. Of these matters the paper gives 

1 MorrRiL1L, A. D. The Pectoral Appendages of Prionotus and their Inner- 

vation. Journ. Mophology, XI, 1. 
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no hint. The two cephalic pairs of ‘‘ accessory lobes” are, in this 

case, associated with the first spinal, the second spinal arises from the 

third pair and the third from the five remaining. ‘The sensory root of 

the third spinal is more than ten times as as large as the motor and it is 

from the three branches of this nerve that the free rays are innervated. 

The rays are at first associated with the others by a web which is ab- 

sorbed during development, proving that the free rays are of secondary 

origin. ‘The nerves in the free rays form a plexus beneath the surface 

of the epidermis. Nerve fibres from the plexus pass between the cells 

of the inner layer of the epidermis, where they divide, some ending 

free and others are directly connected with spindle cells that extend to 

the cuticle. The office of the free rays seems to be the detection of 

food and tactile sensation incident to locomotion. 
(Ses 1S 

Edinger’s Bericht.! 

Edinger’s admirable Review of the anatomical literature of Neu- 

rology for 1893 and 1894 is at hand. ‘This work grows in importance 

from year to year until now it is well-nigh indispensible. The present 

number contains 54 large pages of closely printed matter. In the brief 

introduction the author congratulates the science on the number of in- 

vestigators who are entering this field; but laments the growing tend- 

ency to publish brief communications, often hastily prepared, while the 

number of larger, monographic works is diminishing, and especially 

he utters a timely warning against the still greater evil of basing far- 

reaching generalizations on work of that fragmentary character. 

Ca Jie Ee 

Physician’s and Surgeon’s Pocket Dictionary.’ 

This little book is really too brief both in the number and character 

of the definitions to be of much use to physicians or anybody else. 

Anatomy of the Brain of Craniates.® 

The author presents a variety of (chiefly anatomical) data from 

Petromyzon, dipnoid, and selachian brains in support of views 

1 Epincer, L. Bericht iiber die Leistungen auf dem Gebiete der Anat- 

omie des Centrainervensystem im Laufe des Jahres 1893 und 1894. Reprinted 

from Schmidt’s Jahrbiicher, CCXLVI. 

2 Chicago: The Modern Press Publishing Co., 1895. 

3 STUDNICKA, Sitzb. kénigl. bohmischen Gesellsch. 1895. 
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recently presented by him in various preliminary articles. We notice 

little which is new and fear that his opponents willnot find his morpho- 

logical deductions in all respects satisfactory. 

The figures of Ammocetes given may be profitably compared with 

Ahlborn’s figures of Petromyzon. Studnicka recognizes the cephalic 

pallial fibres as a callosum. He finds two classes of cells in the cortex 

of the pallium, the larger resembling the pyramidal cells of other ver- 

tebrates. He concludes that in the Cyclostomata the hemisphere is 

but an appendage of the bulbus and has no other function than 

olfaction. 

A chapter is devoted to the embryology, the most important point be- 

ing that the two hemispheres arise independently from the lateral massive 

walls of the ventricle and not from a common proton. ‘This as well as 

other facts brought out accords with the present writer's deduction based 

on the morphology and histology of the ‘‘ basal lobes” of teleosts that 

these lobes represent the elements of a cortex as well as of basal lobes 

properly speaking. Studnicka maintains that in spite of some easily 

recognized evidences of degeneration the brain of Cyclostomata is the 

most primitive at our disposal. Difficulties are reached in construing 

the development of the Selachii, which contains many ‘‘ cenogenetic 

peculiarities.” We hope to give this whole subject a comparative re- 

view and await the remainder of the author’s investigation before ven- 

turing a critique. C. Ree 
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